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PREFATORY NOTE 



This volume is the fifth of a series of Technical Reports issued in 
connection with the planning and execution of a notable system of 
flood protection works in the Miami Valley. 

This valley which forms a part of the large interior plain of the 
central United States and comprises about 4,000 square miles of 
gently rolUng topography in southwestern Ohio, is one of the leading 
industrial centers of the country. The immense damage which it 
sustained during the flood of March, 1913, amounting to 100 million 
dollars of property and over 360 lives, led to an energetic movement 
to prevent future disasters of this kind. This movement developed 
gradually into a great cooperative enterprise for the protection of 
the valley by one comprehensive project. The Miami Conservancy 
District, established in June, 1915, under the newly enacted Con- 
servancy Law of Ohio, became the agency for securing this protection. 
On account of the size and character of the undertaking, the plans 
of the district have been developed with more than usual care. 

A Report of the Chief Engineer, submitting a plan for the pro- 
tection of the district from flood damage, was printed, March, 1916, 
in 3 volumes of about 200 pages each. Volume I contains a sjmopsis 
of the data on which the plan is based, a description of its develop- 
ment, and a statement of the plan in detail. Volume II contains a 
legal description of all lands affected by the plan. Volume III con- 
tains the contract forms, specifications, and estimates of quantities 
and cost. 

After various slight modifications this report of the Chief Engineer 
was adopted by the Board of Directors as the Official Plan of the 
District, and was republished in May, 1916. 

In order to plan the project intelligently, many thorough investi- 
gations and researches had to be carried out, the results of which have 
proved of great value to the District, and which will also be of wide- 
spread value to the whole engineering profession. The object of 
publishing this series of Technical Reports is to make available to the 
residents of the state and to the technical world at large, all data of 
interest relating to the history, investigations, design and construction 
of the project. 

The following reports, prepared by the engineering staff of the 
District, have been completed: 
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PREFATORY NOTE 

Part I. The Miami Valley and the 1913 flood. 
Part II. History of the Miami flood control project. 
Part III. Theory of the hydraulic jump and backwater curves. 
Experimental investigation of the hydraulic jump 
as a means of dissipating energy. 
Part IV. Calculation of flow in open channels. 
Part V. Storm rainfall of eastern United States. 
The following are in the course of preparation: 
Rainfall and runoflf in the Miami Valley. 
Laws relating to flood prevention work. 
Flood prevention works in other localities. 
Earth dams. 

Selection of general type of improvement and design of re- 
tarding basin system. 
Construction of protection system. 
Contracts and specifications. 

ARTHUR E. MORGAN, 

Chief Engineer 
Dayton, Ohio, 

November 1, 1917. 
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CHAPTER I.— INTRODUCTION 



ORIGIN OF THIS INVESTIGATION 

This report sets forth the results of what is probably the most 
extended study of storm rainfall that has ever been undertaken. 

When an engineering examination of the Miami Valley was begun, 
inmiediately after the subsidence of the great flood of March, 1913, 
for the purpose of determining the best plan for preventing damage by 
future floods, an investigation of rainfall and runoflf conditions was 
one of the first Unes of attack. Although the 1913 flood seems to 
have been by far the largest that has occurred in this valley since its 
first occupation by white settlers a Uttle over 100 years ago, it was 
soon apparent that the records of daily discharge of the Miami River 
going back only to 1892, and the local rainfall records of somewhat 
longer duration, afforded but a poor basis for the determination of the 
most probable size, frequency, and distribution of future floods. 

The magnitude of the interests jeopardized by floods justified the 
use of an elaborate syistem of protection works if simpler ones could 
not be devised; and the valley is so densely populated, the areas 
subject to flood damage so separated and diverse, and the conditions 
affecting the development of plans so numerous and compUcated, 
that only an extensive and costly system could adequately secure 
effective regulation. To meet this intricate situation it was necessary 
to determine not only the largest flood that could ever possibly occur, 
but also, so far as possible, the frequency of all smaller floods which 
would cause damage. 

In default of more extensive hydrological records in the Miami 
Valley, it seemed necessary to study the records of the whole region 
of the United States, which is at all similar in its situation with respect 
to rainfall and runoff conditions. Since runoff records are so scant in 
comparison with rainfall records in this country, it became evident 
that chief reliance had to be placed upon the latter alone in deter- 
mining from past experience what is the most probable future dis- 
tribution of extreme flood conditions. 

In beginning this investigation it was uncertain what geographic 
limits should be set to obtain the largest amount of useful and pertinent 
data. These Umits at first were assumed to include the entire United 
States, but during the progress of the investigation it became apparent 
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16 MIAMI CONSERVANCY DISTRICT 

that rainfall conditions in the western part of the country^ differ so 
radically from those in the eastern part, that by limiting tlie area to 
that east of the 103d meridian, running through Texas, Colorado, 
Nebraska, and North and South Dakota, no applicable data :wouId 
be excluded. So much information was compUed that will be useful 
to the engineering profession in general, that it was considered best 
to put it into systematic order for publication in permanent form. 
The matter here presented has far outgrown in quantity and in degree 
of analysis what was contemplated when the investigation was begun. 
Although no precise record has been kept of the time consumed in 
this study, it is estimated that it represents the equivalent of one 
man's entire time for more than ten years. 

As now presented the investigation covers storm rainfall over the 
whole of the eastern United States as far west as the 103d meridian. 
Every storm of consequence ever recorded within that area by the 
Weather Biu*eau, by the Signal Service, or by any organization or 
individual, the record of which is on file at the Washington office of 
the Weather Bureau, has been utilized. 

The work of compiling rainstorm data was begun in the spring of 
1913, soon after the Morgan Engineering Company undertook the 
study of the problem of flood protection for the Miami Valley. As 
there were nowhere in the State of Ohio complete rainfall records for 
the whole country, after a season's work at Dayton and Columbus, a 
party of three computers was sent to the Weather Bureau at Washing- 
ton, D. C, to collect such data for the entire period covered by existing 
records in the United States. The data abstracted included every- 
thing recorded up to December 31, 1914. The work at Washington 
was begun on July 28, 1914, and occupied the time of three men until 
March 16, 1916. 

The major part of the work in Washington consisted in abstracting 
the excessive precipitation data, from which were prepared later the 
tables, curves, maps, and diagrams shown in this volume. A search 
for additional storm rainfall data was made in the library of the 
Weather Bureau, the Library of Congress, the Washington Public 
Library, and the Smithsonian Institution, and later a similar search 
of the leading engineering periodicals and engineering society publica- 
tions was made by the Morgan Engineering Company at Memphis, 
Tennessee. 

After collecting so large an array of data, the best methods of 
compiling and analyzing it had to be made the subject of careful study. 
There was no precedent or other helpful guide in this matter. While 
the direction of movement of storms, the tracks which they most 
frequently follow, their origin, size, and other characteristics have all 
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been the subject of much study by meteorologists, the same amount 
of attention has not been given to the duration, intensity, and distri- 
bution of precipitation which form a part of storm phenomena. It is 
the latter elements which are, perhaps, of most interest to engineers 
in general, and are of vital importance in investigations pertaining to 
flood control. Previous studies for the determination of the probable 
maximum storm, as a basis for engineering design, have as a rule 
been limited to a consideration of the rainfall records at a few local 
stations, often without respect to the size of area covered, as for 
instance, in the design of sewer systems. Arbitrary empirical formulas 
are used extensively to determine the runoflf from restricted areas, as 
in the design of culverts or bridges. 

SCOPE OF THESE STUDIES 

Throughout this investigation special stress has been laid on the 
three primary factors which aflfect storms, namely: First, Time, or 
the duration of the rain at different points within the storm area; 
Second, Area covered by given depths of rainfall; Third, Depth, or 
amount of precipitation and manner of its distribution. The manner 
in which these three factors are related to each other, the way this 
interrelation varies with geographic location and in different seasons, 
we believe has never heretofore been comprehensively investigated. 
One of the principal objects of this investigation has been to determine 
the relation of these storm factors of time, area, and depth, for the 
eastern United States, and to present the results in such form as to 
be readily available to the engineering profession. This has been 
done by means of many maps and diagrams in chapters VI to IX. 

For the benefit of readers who have not made a special study of 
meteorological matters, it has been deemed desirable to summarize in 
brief form those well established meteorological facts most important 
to an understanding and interpretation of the investigations which 
are described in detail in this report. Accordingly, a chapter has been 
devoted to meteorology in its relation to storms, from which every- 
thing has been omitted which does not bear directly upon the studies 
described. This leaves only a very Umited and partial view of the 
science of meteorology as a whole, but any one interested in the general 
subject can pursue it further by means of general treatises, a list of 
which is given at the end of chapter III. 

The frequency of excessive precipitations at individual stations 
has been heretofore studied in a Umited way at numerous places where 
the results were needed for use in drainage improvements or in the 
design of city storm sewers, but it is believed that the method ex- 
plained in chapter V for dealing with this subject is more compre- 
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18 MIAMI CONSERVANCY DISTRICT 

hensive and generally useful than any that has been proposed Iiithertc 
The results are shown on a series of 30 charts, and should be interestinji 
and useful to hydraulic engineers over the whole country. 

The amount of runoff resulting from a given rainfall depends large!; 
upon the season of the year in which the storm occurs. Furtliennore 
the damage caused by high water also varies greatly with tlie season 
For these reasons, after a list of 160 great storms in 25 years Iiad beei 
compiled, as explained in chapter VI, their geographical distribution 
seasonal distribution, and frequency were investigated witli verj 
interesting results, as explained in chapter VII. 

The most important, fundamental, and laborious part of the 
whole investigation was the detailed analysis of the time-area-depth 
relations of 33 important storms, the aggregate extent of which reached 
to nearly every part of the eastern United States. This study in 
chapter VIII greatly surpasses in extent any similar work that has 
ever been published, and the conclusions are applicable to every part 
of that region. Maps showing the location and peculiar character- 
istics of each storm, and a series of diagrams enable ready comparison 
of all the storms as to duration in time, extent of territory covered, 
and intensity of precipitation. The compUcated nature of this study 
developed so many difficulties in procedure that chapter IX is devoted 
to an explanation in detail of the methods tried and those adopted. 
This will prove of great assistance to any one contemplating further 
similar work. 

The much mooted subjects of cycUc variation in rainfall, and of 
possible permanent climatic changes, were carefully looked into. 
It was felt that such considerations had an important bearing upon 
the proper interpretation of the results from the various studies made, 
as well as upon the flood control policy as a whole. The danger of 
being misled by the conclusions reached by other investigators, 
together with the wide divergence of opinion prevaiUng among the 
latter, prompted the Morgan Engineering Company to undertake a 
certain amount of independent investigation. This was aimed largely 
at ascertaining whether any cyclic or other variations might exist 
which would be likely to vitiate the. conclusions indicated by the 
data. The methods adopted and the results obtained are set forth 
in chapter X. They eflfectually serve to clear away all apprehensions 
on this score. 

A thorough search of foreign Uterature was made to find whether 
similar studies had been published by foreign writers. This search 
demonstrated that but little investigation of precisely this character 
had ever been previously carried out. What pertinent data could 
be found is discussed in chapter XI. 
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In pursuing the several studies above enumerated, it was kept 
clearly in mind that the primary object of the entire investigation 
was to reach safe and logical conclusions as to probable size and fre- 
quency of floods in the Miami River. Extensive as was the scope of 
the investigation, it did not include the use of data which did not 
directly or indirectly bear on the problem. Thus, the absence of 
any apparent relation between storm rainfall conditions in the western 
and eastern halves of the United States caused the western rainfall 
data to be left out from consideration. Snowfall was not taken up 
because its contributing effect on floods in the Miami Valley has been 
found to be negligible. The special appUcation of the results of the 
studies to the situation in the Miami Valley is set forth in the last 
chapter. 

The detailed records of excessive precipitation which were copied 
at Dayton, Columbus, and Washington, about 4,300 sheets in all, 
are not printed in this report, but blue-print copies can be obtained 
from the Chief Engineer of The Miami Conservancy District, at the 
actual cost of reproduction. 
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CHAPTER II.— SUMMARY 



METEOROLOGT OF STORMS 

Rainfall is controlled by the winds whose circulation is due to 
radiant energy received from the sun. This energy is received in 
greatest amount in the tropics and in least amount at the poles. The 
winds and ocean currents help to distribute the energy over the earth's 
surface. 

Air is a mixture of permanent gases and a small amount of water 
vapor. The water vapor necessary to saturate a given space depends 
upon its temperature, and increases rapidly for the higher tempeTa,- 
tures. Table 1 shows for all temperatures from to 100 degrees 
fahrenheit, the absolute humidity of saturated air in grains per cubic 
foot and in inches per mile, the vapor pressiu'e in pounds per square 
inch, the weight of dry air in pounds per cubic foot and the weight 
of saturated air having the same total pressure, and finally the heat 
increment of saturated vapor, for 5 degree increases of temperature, 
expressed in British thermal units. 

In figure 1, Curve A shows the variation of atmospheric pressure 
with altitude, Curve B shows the variation of observed average 
temperature with altitude. Curve C shows the theoretical variation 
of temperature of dry air rising under a condition of adiabatic ex- 
pansion. Curves D and E show the same changes for saturated air. 

These curves show the disturbing forces introduced into the 
atmosphere by the water vapor. When air at the surface becomes 
well warmed and well saturated with moisture a state of unstable 
equilibrium is reached, whose disturbing effect upon the winds and 
weather often results in thundershowers and other forms of pre- 
cipitation. The convection currents caused by such unstable equi- 
librium exert an infiuence in all storms. However, other factors also 
exert a large infiuence, and no one yet has been able satisfactorily to 
show just what weight is due to convection. 

If air is moving in a whirl the barometric pressure must be lowered 
at the center. *In such a case the barometric gradient along a radial 
line, expressed in inches of mercury per 100 miles, is 

gp 128p ^""^ 

20 
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This shows that for ordinary conditions at the surface of the 
earth, the effect of circular motion upon the barometric pressure is 
slight. However, for the extreme conditions reached in a tropical 
hurricane the effect becomes very marked. Since the wind velocity 
is greater above than at the earth's surface, the barometric gradient 
which just balances centrifugal force at one altitude cannot produce 
equilibrium at another altitude. Hence, in the case of a whirl, there 
is always a creeping in of air towards the center near the earth's 
surface, and an outward motion at higher altitudes. 

If the earth were a frictionless sphere not in rotation, a body 
moving upon its surface would pass entirely around it, traversing a 
great circle. The relative velocity of the body would be constant in 
amount but would, in general, be continually changing in geographical 
direction. If this spherical earth be rotating, the path in space 
traversed by the moving body would be the same as before, but the 
pajbh relative to the earth would become a compUcated curve. The 
velocity relative to the earth would vary both in amount and direction. 
The ellipticity of the earth introduces a component of the force of 
gravity which acts towards the north in the northern hemisphere and 
towards the south in the southern hemisphere. This force changes 
the motion of a frictionless body so that its velocity relative to the 
earth again becomes constant in amount, although it still varies in 
geographical direction. In the northern hemisphere the deflection is 
towards the right and in the southern hemisphere, towards the left. 
The radius of curvature is given by the equation 

p = — . — miles (7) 

Interference between different portions of the atmosphere prevents 
motion of all parts in the paths just described. Such interference 
requires the path of any portion to approximate a straight line. The 
transverse pressure necessary to change the motion from its natural 
curved path to a straight line relative to the rotating earth, is just 
equal to the pressure that would change the motion on a still earth 
from a straight Une to the curved path. The barometric gradient at 
right angles to the direction of motion necessary when the atmosphere 
moves in a straight line is given by the equation 

^Vsin^ nnATT • ^ /o\ 

— pri — - = .0047 sm 4> (8) 
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in inches of mercury per 100 nliles. In the northern hemisphere the 
higher pressure is always to the right of the line of motion. With a 
strong wind this necessary pressure difference is considerable. 
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The immediate cause of the general wind circulation is the vari- 
ation in air temperature. The relatively higib temperature prevailing 
in the equatorial regions maintains a continual circulation with the 
temperate zones, as indicated by the trade winds. The same cause 
produces a belt of fairly permanent high surface pressure in latitudes 
30 to 35 degrees each side of the equator. In these belts westerly 
winds prevail, but disturbing factors lead to local horizontal wind 
movements thus producing fluctuations in weather conditions. 

A storm is a widespread movement of the air accompanied by 
precipitation. The normal annual rainfaU over eastern United 
States varies between wide limits. It tends to decrease with the 
latitude, with the distance from the Gulf of Mexico and Atlantic 
Ocean, but to increase with the altitude. Storms are classified as 
cyclones. West Indian hurricanes, and thunderstorms. A cyclone is 
an atmospheric disturbance several hundred miles in diameter which 
passes across the country from west to east and is accompanied by» a 
characteristic distribution of air pressures and precipitation. Around 
the accompanying low pressure area the air circulation is counter- 
clockwise. This circulation produces precipitation and definite 
characteristic changes of temperature. The precipitation occurs 
chiefly to the southeast of the low area. Cyclones are much more 
frequent, definite, and energetic in winter than in summer, with the 
result that the temperature changes are more violent and frequent 
in the winter. However, the precipitation is much greater in summer 
on account of the greater capacity of the air for transporting water 
vapor at the higher temperatures. 

The average hourly movement of cyclonic centers varies from 
less than 20 miles in summer to over 40 miles in winter. Although 
the precipitation areas move at about the same rate, their movement 
seems much more erratic. 

The West Indian hurricane originates in the tropics and moves 
northward. It is accompanied by extremely violent winds and 
torrential rains. Upon reaching a land area it soon takes on the 
general characteristics of an extratropical cyclone. These hurrioanes 
are most likely to occur in late summer. In the United States they 
aflfect only the Gulf and south Atlantic states. They are relatively 
infrequent, — on the average only 10 a year as compared with 120 
cyclonic disturbances. 

Thunderstorms are brief storms of relatively small area in which 
the precipitation is produced by vertical convection currents. These 
storms usually travel from west to east at an average rate of 30 or 40 
miles an hour. 

Means for pursuing the subject of meteorology farther is provided 
in a selected list of twenty books on this subject. 
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SOURCES OF DATA AND METHODS OF COMPILATION 

Early fragmentary weather records were kept by private individ- 
ualsy United States Army surgeons, officers of the General Land 
Office, and educational institutions; but the first comprehensive 
system using uniform methods to cover the country as a whole was 
organized under the Smithsonian Institution about 1848. Many of 
the instruments and records of this service were destroyed by fire in 
1865. 

In 1870 Congress placed the work under the direction of the 
Chief Signal Officer of the United States Army. In 1890 the work 
was reorganized as the Weather Bureau under the U. S. Department 
of Agriculture. 

At present there are about 200 regular Weather Bureau stations, 
with paid observers, and a complete equipment of standard instru- 
ments. This service is supplemented by about 4600 cooperative 
stations operated by voluntary observers using instruments supplied 
by the Weather Bureau. There is also a relatively small number of 
river stations, cotton stations, corn and wheat stations where observa- 
tions are made for the Weather Bureau. A list of all the various 
kinds of rainfall records now in the possession of the Weather Bureau 
is given in chapter IV. 

All existing records down to Dec. 31, 1914, were copied for all 
storms exceeding a certain intensity. A storm period is defined as 
that length of time in which the average precipitation does not fall 
below 1 inch per 24 hours. 

For each station where the normal annual precipitation is more 
than 20 inches, the records were abstracted of all storm periods having 
a 1-day rainfall amounting to 10 per cent or more of the normal 
annual precipitation, or having a total rainfall amounting to 15 per 
cent of the normal annual precipitation. Where the normal annual 
precipitation is less than 20 inches, the records were abstracted of all 
storm periods in which there was a total rainfall of 4 inches. Only 
stations having a complete record for 5 consecutive years were included. 
Specially prepared blanks were used for abstracting the storm 
data, one sheet for each station. On these sheets the maximum 
accumulated precipitation for 2-day and longer intervals was also 
entered. Sheets were made out for 4316 stations, of which 1262 are 
west of and 3054 east of the 103d meridian. The subsequent study 
relates solely to the stations east of the 103d meridian. 

For indexing the data the United States is divided into 2-degree 
quadrangles. Rows running north and south are numbered con- 
secutively from east to west, and rows running east and west are 
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lettered consecutively from north to south. Hence each quadrangle 
is identified by a coordinate number and letter. After plotting all the 
rainfall stations on a large scale map, by quadrangles, each station 
was assigned a lower case letter, in order, beginning in the northeast 
corner and proceeding towards the southwest corner of the quadrangle. 
The records are assembled, first by quadrangles, and second with 
Index letters in alphabetical order so as to bring records together of 
stations near each other. 

Neglecting fractional quadrangles, the number of stations whose 
records have been used varies from 75 for each of two quadrangles in 
the northeastern part of the country, to 5 and 6 stations per quadrangle 
along the 103d meridian. The average number of stations per quad- 
rangle is 25. In general, the number of station records available is 
proportional to the density of population. The duration of records 
for different stations and quadrangles also shows great variations as 
indicated on figures 8 to 12. 

The records for each separate storm were next brought together 
on one card. These cards show records of 2641 storms east of the 
103d meridian, occurring in the years 1870 to 1914. Of these 1236, 
nearly 60 per cent, were recorded at but one station; 996 storms, 
over 35 per cent, were recorded at more than 1 but less than 6 stations; 
while 409, about 15 per cent, were recorded at more than 6 stations. 
The number recorded in each of these three classes in each year is 
shown in table 2. 

FREQUENCY OF EXCESSIVE PRECIPITATION 

The frequency of a phenomenon, as the term is used in this dis- 
cussion, signifies the average length of the period, in years, during 
which the phenomenon has happened once. In determining the 
frequency of excessive precipitation, each quadrangle is treated as a 
unit, by averaging the records at all the stations within the quadrangle, 
giving to each station record a weight equal to the number of years of 
its record. Thus the records at all the stations are combined and 
treated in some respects as equivalent to a record at a single station 
extending over a period as long as the aggregate of all the years of 
record at the separate stations. 

The pluvial index for any quadrangle is defined as the depth of 
rainfall which probably will be equaled or exceeded at any point in 
the quadrangle once in a given number of years. By the process of 
averaging described above, the pluvial indices for each quadrangle for 
precipitation lasting 1 day, 2 days, 3 days, 4 days, 5 days, and i6 days 
has been computed for periods of 100 years, 50 years, 25 years, and 
15 years. These values are shown on a series of 24 maps, figures 13 
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to 36. On these maps also are drawn isopluvial lines for successive 
l-ineh depths of rainfall. These lines show that the isopluvial index 
decreases very markedly with increase of latitude and with distance 
from the ocean, and that it usually decreases with altitude. 

Since the rainfall records available for study are still scanty in 
some parts of the country, it is to be expected that when longer 
records become available, the values of the pluvial index shown on 
the map will be subject to some modification. Figure 37 is a map 
showing the aggregate yeiars of record in each of the 133 quadrangles 
as used in computing the various pluvial indices. 

The isopluvial charts furnish a convenient means of determining 
the pluvial index for any locality within the eastern United States, 
by properly interpolating between the isopluvial lines. For any 
particular area it is also convenient to construct frequency curves, 
such as are illustrated in the 4 figures, 44 to 47. These are based on 
the isopluvial maps and show a curve for each period of precipitation 
from 1 day to 6, for all frequencies. These curves become nearly 
horizontal at a frequency of 100 years, indicating that the maximum 
depths of rainfall already recorded will probably not be greatly 
exceeded in the future. 

SELECTING AND SIZING 160 GREAT STORMS 

Preceding the year 1892, the number of rainfall observing stations 
was too few to furnish sufficient records to determine with precision 
the areas covered by all important storms. Since that date the 
rainfall stations have been relatively more numerous, constant, and 
uniformly distributed. Hence for the purpose of studying seasonal 
and geographical distribution, frequency, and cycUc variation of large 
storms, the 26-year period, 1892-1916, was adopted. 

In this study all storms were included that had not less than five 
3-day precipitation records equaling or exceeding 6 inches. Records 
of 160 such storms were found. They were divided into two groups, 
47 northern storms and 113 southern storms, and are listed chrono- 
logically in tables 4 and 6, together with 3 other important previously 
occurring storms. 

After comparing the storms graphically in various ways, the most 
satisfactory simple basis of comparison was found to be the amount 
of the fifth highest 3-day precipitation record. Figure 48 shows the 
storms arranged in order of size according to this basis, and also shows 
the value of the highest, tenth highest, and twentieth highest record 
for each storm. 
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GEOGRAPHICAL LOCATION, SEASONAL DISTRTBUTIOJ 
AND FREQUENCY OF 160 GREAT STORMS 

Figure 49 has a horizontal time axis to represent the len^h of i 
calendar year. The diagram is divided into 12 strips to represeD 
the calendar months. In the appropriate place to correspond ^tl 
its date, each of the 160 storms is platted as a vertical line whose end 
show the highest rainfall record and the twentieth highest record 
Thus figure 49 shows at a glance the season of occurrence of each o; 
the great storms, and indicates that the best division of the year foi 
the purpose of studying storm types is into quarters beginning jvitb 
November. 

To show geographical distribution the 6-inch isohyetal for the 
maximum 3-day period of each storm was mapped. For this purpose 
all the storms are shown on 8 maps, figures 50 to 57, 4 maps being used 
for the northern storms and 4 for the southern. On one map are 
gathered all the storms occurring in a single quarter of the year. 
These maps show marked variations in storm types with reference to 
location and season. 

During the first quarter, November to January, all of the 21 
storms shown occurred in the lower Missouri and Mississippi Valleys 
except 2 unimportant storms in Florida. 

During the second quarter, February to April, only 2 storms 
occurred in the northern group. One of these was the great storm of 
March, 1913; the other was relatively unimportant. During this 
quarter 26 storms occurred in the south, all of them interior storms. 

During the third quarter. May to July, the northern group con- 
tains numerous thunderstorms lying chiefly in the Mississippi and 
Missouri River valleys. This is the season of numerous and the 
most intense southern storms, 32 being shown for this quarter. 

During the fourth quarter the greatest number of both northern 
and southern storms occur, some of which are among the largest 
recorded. For this quarter 24 northern and 41 southern storms are 
shown. 

Both in location and in other characteristics storms of the first 
two quarters show close similarity; Ukewise those of the third and 
fourth quarters. 

Of the winter storms, on the average, one occurs in the upper 
Mississippi Valley every three years, and one or two every year in the 
southern states. Of the summer storms, on the average, one occurs 
every two years on the north Atlantic coast, one every year west of 
the Mississippi north of Arkansas, and three every year in the lower 
Mississippi Valley and along the Gulf and south Atlantic coasts. 
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The summer storms are normally short and violent, of the thunder- 
storm type, although occasionally a southern storm is both violent 
and long continued. The winter storms are normally of long dura- 
tion with correspondingly reduced rates of precipitation. 

DESCRIPTIONS AND TIME-AREA-DEPTH RELATIONS OF 

THE 33 MOST IMPORTANT STORMS 

The relation between area covered and average depth of rainfall 
in respective periods of 1, 2, 3, 4, and 5 days was studied in detail 
for 33 of the largest and most important storms recorded in the 
United States east of the 103d meridian. 

The following procedure was followed for each storm: 

First, the rainfall data was assembled. 

Second, the dates of greatest 1-day rainfall, greatest 2-day rainfall, 
and so on were determined. 

Third, the rainfall figures were platted on a large scale map. 

Fourth, the isohyetals were drawn. 

Fifth, the areas within the isohyetals were measured. 

Sixth, the average depth within each isohyetal was computed. 

Seventh, on coordinate paper the time-area-depth curves were 
drawn, using as coordinates the area in square miles and the average 
depth of rainfall over the corresponding area. 

The 33 storms included 16 from the northern group and 16 from 
the southern group, all of which occurred in the 25-year interval, 
1891-1916, and also the 3 greatest storms during, the preceding 49 
years. 

The 3 early storms are the only ones of that period for which satis- 
factorily complete data now exists, but this data indicates that these 
storms were of very unusual magnitude, and that they were probably 
among the largest during the 49-year period. 

The storms selected from the 26-year period, 1892-1916, include all 
the greatest storms in both northern and southern groups, and such 
additional great storms as were required to give a satisfactory geo- 
graphical distribution over the whole country. 

Each storm is represented by its even numbered isohyetals on a 
map for each of the periods considered, figures 58 to 93. These maps 
are accompanied by brief notes and descriptions calUng attention to 
the most striking features of each storm. 

The time-area-depth curves for the northern storms mapped are 
shown for 1- to 6-day periods on figures 94 to 98, those for the southern 
storms on figures 99 to 103. These curves show that almost invariably 
more than half of the total storm rainfall occurs on the maximum 
day. Among the northern group there is but relatively little difference 
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between the largest storms. In the southern group, w^itli much 
larger absolute values of the greatest precipitation, there also appear 
more erratic divergences between different storms. 

From these curves the average depth of precipitation over any 
given size of area, at the storm center, may be read for any of the 
storms for comparison with a similar area under consideration else- 
where. Tables 6 and 7 give the values read from the curves for areas 
of 1, 600, 1000, 2000, 4000, and 6000 square miles for each of the 
storms during the maximum consecutive periods of 1 to 5 days. 

MAPPING AND PREPARING TIME-AREA-DEPTH CURVES 
FOR THE 33 MOST IMPORTANT STORMS 

In the process of mapping the storms and obtaining the data for 
the time-area-depth curves many difficulties were encountered 'which 
could not have been foreseen before undertaking the work. To 
determine the best procedure numerous experiments were tried. The 
various experimental methods are described in detail, and the reasons 
for adopting the methods finally chosen are fully discussed for the 
benefit of other investigators. 

All the rainfall records for each storm were compiled on special 
sheets, from which the maximum 1-day period, the maximum 2-day 
period, and so on for the period of the storm, were determined. The 
rainfall was plotted on a large scale outline map and the 1-inch iso- 
hyetals drawn. To minimize the errors due to arbitrary location of 
observing stations, inaccuracy of printed records, arbitrary division 
of time between days, and variations in time of observations, four 
different ways of plotting the data were tried and the simplest method 
was adopted for use. 

From each map, after considerable labor in measuring and com- 
putation, a time-area-depth curve was prepared. All the data from 
which these curves are plotted is given in the appendix. The impor- 
tant operations were all checked to insure accuracy. In some cases 
these curves contain angles and breaks due to distribution of separate 
storm peaks and occurrence of different peaks on different days. 

VARIATION IN MEAN ANNUAL RAINFALL OVER EASTERN 

UNITED STATES 

For each month and year of the 29-year period, 1888-1916, the 
average rainfall over the eastern United States was computed and is 
shown in figure 107. The exact area used included North and South 
Dakota, Nebraska, Kansas, Oklahoma, and Texas, and all states east 
of these. The mean annual rainfall for the whole 29-year period was 
36.86 inches. The amount of variation from this value for any year 
may be read from the figure. 
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A similar study was made for the smaller area included within the 
states of Illinois, Indiana, Ohio, Kentucky, and West Virginia. In 
this case the extreme variations from the average are considerably 
greater than those for the larger area; and in about one fourth of 
the years the annual variation is in the opposite direction from what 
it is for the greater area. This shows that any deductions as to the 
cyclic nature of rainfall, based upon records at but few stations, must 
be very cautiously drawn. 

A comparison of the mean annual rainfall over the eastern United 
States with table 2, page 77, giving the number of records of excessive 
precipitation in each year, and with table 10, page 238, giving the 
number of great storms in each year, shows that the variations in 
total annual rainfall depend chiefly upon the occurrence of great 
storms. 

EUROPEAN STORM RAINFALL 

Search of foreign literature revealed no comprehensive studies of 
storm rainfall in Europe, although records of rainfall and floods are 
available in profusion. In Germany, omitting from consideration the 
extremely mountainous portion, the annual rainfall seems to be less 
than over most of the eastern United States. Furthermore, at any 
single station the rainfall is subject to less variation than in this 
country, and heavy daily rainfalls are not so extreme. The absolute 
maximum 24-hour rainfall ever recorded in a given month varies 
between 65 and 80 per cent of the mean rainfall for that month. 
Similarly, the greatest single day's rainfall in a year is on the average 
1.3 inches for a station whose mean annual rainfall is 20 inches; 1.5 
inches where the mean annual rainfall is 30 inches; and 1.7 inches 
where the mean annual is 40 inches. 

Extreme values of 24-hour rainfall have reached nearly 10 inches 
at mountain stations, but in the level country have rarely exceeded 
6 inches. In the drier regions the highest maxima amount to about 
20 or 30 per cent of the mean annual; but in the moister regions are 
between 15 and 20 per cent. 

The upper branches of the Elbe rise in the mountains of northern 
Austria. Maximum rates of runofif recorded have been 14.7 second 
feet per square mile from 10,850 square miles, and 10.0 second feet 
per square mile from 19,730 square miles. 

The upper tributaries of the Oder River in southeastern Germany 
are subject to destructive floods. In the lowlands below the mountain 
tributaries the rainfall is small, and out of a dozen stations with records 
covering 30 to 40 years, all having mean annual rainfalls less than 30 
inches, there is but one record of a 24-hour rainfall exceeding 4 inches. 
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On the mountain tributaries, however, destructive summer floods 
occurred in August, 1888, June, 1894, and July, 1897, during -whicli 
the maximum 24-hour rainfall records obtained were, respectively^ 
5.64, 4.37, and 6.61 inches. The maximum measured rate of runofi 
was 109 second feet per square mile from an area of 389 square miles, 
and 85 second feet per square mile from an area of 793 square miles . 

Flood records on the Danube at Vienna extend back to the year 
1000. The greatest flood was in 1501, with a discharge of 12.6 second 
feet per square mile from the drainage area of 39,400 square miles 
above Vienna. The second greatest was in 1787 with a discharge of 
10.6 second feet per square mile. The third greatest in 1899 had a 
maximum discharge of 9.5 second feet per square mile. 

Flood records on the Seine at Paris have been kept for several 
centuries. All the largest floods have occurred during the winter 
months and have followed periods of long continued rains sometimes 
lasting a month. The maximum definitely recorded flood occurred in 
1658. The next greatest was in 1910, with a maximum rate of runoflF 
of 5.26 second feet per square mile for a drainage area of nearly 17,000 
square miles. Preceding the latter flood the maximum 24-hour rain- 
fall at three stations was 2.6, 3.0, and 3.1 inches, respectively. The 
corresponding maximum 4-day rainfalls were 6.1, 7.5, and 7.8 inches, 
but the average over the whole drainage area was much less. 

The upper Loire in France is subject to considerable floods following 
heavy storms. On October 8-9, 1878, the rainfall over a considerable 
area averaged 7.88 inches. On September 24-25, 1866, it likewise 
averaged 5.5 inches. 

The Garonne in southern France receives the drainage from con- 
siderable areas of mountainous country, and is subject to heavy floods. 
Some of the largest rainfall records in September, 1875, at single 
stations are: 31.2 inches in 1 day; 15.7 inches in 1 day; 22.8 inches 
in 5 days; 12.6 inches in 5 days. 

The Durance in southeastern France drains a portion of the Alps 
and is the most torrential of the great French rivers. During the 
greatest flood, in 1886, the maximum rate of runofif was 57 second 
feet per square mile from an area of 4150 square miles. 

Floods in the Tiber at Rome have been recorded antedating the 
Christian era. The greatest on record occurred in 1598, with a maxi- 
mum rate of discharge of 16.4 second feet per square mile from an 
area of 6455 square miles. In 1870 occurred a flood but Uttle lower, 
which inundated about half the inhabitated area of the city. 

For additional data regarding maximum rates of flood runoff see 
Vol. I, page 76, of the Oflacial Plan of The Miami Conservancy District. 

The records of storm rainfall in Europe which were consulted in- 
dicate that the range of intensities there is not materially different 
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from that found in the eastern United States. The scope of available 
Kuropean data is not comprehensive enough, however, to warrant 
drawing final conclusions on this subject. 

APPLICATION TO MIAMI VALLEY OF STUDY OF GREAT 

STORMS 

The determination of the maximum possible flood in the Miami 
Valley depended upon topographic conditions, geographic location, 
and past records of great storms in the same section of the country. 
The 1913 flood was the greatest during the 100-year record for the 
Miami River. From a thorough consideration of the above factors 
the official plan for flood protection was based on a hypothetical storm 
great enough to cause a maximum flood runoff nearly 40 per cent 
greater than that of the storm of March 23-27, 1913. 

Although heavy storms frequently move from west to east up the 
Ohio Valley, the latitude of the Miami Valley and its distance from 
the Gulf of Mexico and the Atlantic Ocean preclude the possibiUty 
of a maximum rainfall nearly as great as occurs in the southern states. 

Of the 33 most important storms given detailed study in chapters 
V to VIII, 12 occurred in the northgrn Mississippi Valley. Table 11 
shows the date of each, the location, and the amount of the most 
intense rainfall as compared with the storm of March 23-27, 1913. 

The few cases in which any of these storms exceeded materially 
the storm of March, 1913, occurred during the summer months when 
the runoff is a much smaller fraction of the rainfall than in March. 
Furthermore, most of these heaviest storms occurred farther to the 
south. In the storm evidence of the last 75 years, there is no indica- 
tion that the rainfall of March, 1913, will ever be greatly exceeded in 
the region of the Miami Valley. 

From the records of floods in the Danube at Vienna covering 900 
years, in the Seine at Paris covering 300 years, and in the Tiber at 
Rome covering 1500 years, it appears that the greatest flood of 1000 
years is not much in excess of the greatest in 100 years. 

After making the extensive investigation of storms in the eastern 
United States, it is beUeved that the March, 1913, flood is one of the 
great floods of centuries in the Miami Valley. In the course of three 
or four hundred years, however, a flood 15 or 20 per cent greater may 
occur. To cover our ignorance and uncertainty on this point, and to 
insure that the engineering works shall be absolutely safe in every 
respect, in planning the flood protection works provision is made for a 
maximum flood nearly 40 per cent greater than that of March, 1913. 
This is 15 or 20 per cent in excess of what is believed to be the greatest 
possible flood that will ever occur. 



CHAPTER III.— METEOROLOGY OF STORMS 



SOURCE OF ENERGY OF WIND CIRCULATIOIT 

The amount and distribution of the rainfall over the surface of 
the earth are controlled almost entirely by the circulation of the 
earth's atmosphere, commonly called the winds. The source of energy 
which maintains this circulation is the radiant energy received from 
the sun. This energy strikes that portion of the earth turned toward 
the sun in a nearly constant stream. To compensate for this reception 
of energy there is a continual loss by radiation into space from all 
portions of the earth's surface. The amount received and the amount 
lost seem in the long run to be practically equal, so that as a whole 
the earth is neither a gainer nor a loser in the transaction. 

The amount of insolation, that is, energy of the sun's rays, received 
on a given day by any part of Jihe earth depends upon its position. 
The amount is greatest near the equator and least near the poles. 
At any instant the intensity of the insolation depends upon the 
obliquity of the sun's rays striking the portion of the earth under 
consideration. The amount of insolation striking the earth at every 
instant is equal to the amount that would fall upon a plane within a 
circle whose circumference is equal to a great circle of the earth. 
Since the surface of the whole earth is equivalent to the area of four 
great circles, it follows that at a point where the sun is directly over- 
head, so that the rays are striking the earth perpendicularly, the 
radiant energy is being received at a rate just four times the average 
rate for all points on the earth's surface. 

The daily rotation of the earth and its annual revolution around 
the sun produce a continual change in the amount of insolation 
received at any given point, but the total during a year is much 
greater in equatorial regions than near the poles. The amount of 
energy lost from the earth by. radiation, although also a variable 
quantity for different locations, is more nearly constant than the total 
amount received. This becomes possible only through the transfer 
of energy from equatorial to polar regions by means of the winds, 
assisted by the ocean currents. 

The numerous factors affecting in detail the variation in the 
reception and emission of radiant energy afford an extensive field for 
research, but are of little interest here. Suffice it to say that the 

32 
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winds act as an agency which automatically tends to even up over the 
whole earth the supply of radiant energy. 

The general mechanism of the winds for the whole earth has been 
much studied and has been fairly well determined. When it comes, 
however, to a consideration of the innumerable details in wind circu- 
lation, the problems encountered become exceedingly complex, and 
in many respects have not yet been solved. Voluminous treatises 
have been written on this subject. During recent years several 
reUable, brief, elementary treatises have been pubUshed dealing with 
the meteorology of the whole earth in general and with conditions in 
the United States in greater detail. Many special studies also have 
been issued by the Weather Bureau and by private authors. A list 
at the end of this chapter contains such of these pubUcations as seem 
to be most useful to any one desiring to pm*sue further the matters 
treated in this report. 

To discuss intelligently the movements of the atmosphere which 
determine the occurrence and distribution of rainfall, it is necessary 
first to understand something of the physical properties of the atmos- 
phere and the laws which govern its movements and changes. 

PHYSICAL PROPERTIES OF THE ATMOSPHERE 

The atmosphere is a mechanical mixture of nitrogen, oxygen, and 
small amounts of a number of other gases including water vapor. 
All of these except water vapor belong to the class called permanent 
gases, and hence the mixture of these permanent gases, so far as its 
efifect upon rainfall is concerned, may be considered as having the 
quaUties of a single perfect gas, homogeneous in composition. 

The relatively small proportion of water vapor present in the 
atmosphere, on the other hand, obeys laws in some respects entirely 
different from those controlling the properties of the so-called perma- 
nent gases; and a comprehension in a general way of the laws relating 
to vapor pressure and temperature is absolutely necessary to an 
adequate understanding of the changes in the atmosphere which 
accompany and control evaporation and rainfall. 

A vapor is by definition a substance in the gaseous state, which 
passes freely at ordinary temperatures and pressures into either the 
solid or Uquid state, or in the reverse direction. The distinction 
between vapors and gases while very convenient for ordinary use, in 
reality is only relative, since all the so-called permanent gases become 
first vapors and then Uquids if the conditions are made sufficiently 
extreme. 

Although in the language used above a vapor is said to pass freely 
from the gaseous to the liquid state, this change is in reality strictly 
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limited by certain definite relations of temperature and pressur 
These limitations can be most easily stated in terms of conditions c 
saturation. Let there be imagined an air-tight vessel of one cubj 
foot capacity from which all air has been removed. Into this vess( 
let a small quantity of a volatile Uquid, such as water, be introduces 
Some of the water will quickly change into the gaseous state and fil 
the whole space. Soon a definite constant condition of equilibriuii 
will be reached, the vapor and the unvaporized water will have th( 
same temperature, and the space in the vessel is said to be saturater 
with the water vapor. Measurements show that at a given tempera 
ture the amount of water vapor in one cubic foot of satm-ated space i 
exactly constant, and that adding more water in the liquid state 
cannot increase the quantity of water vapor so long as the tenii>era^ur€ 
remains unchanged. Of course, the amount of water vapor present 
may be less than that of saturation, and it will be less if the amount of 
water originally supplied in the imaginary experiment described above 
is insufficient, when all evaporated, to produce the satiu'ated state; 
but if water is present in the liquid state, evaporation will continue 
until the definite state known as saturation is produced. 

Now imagine the containing vessel and its contents to be wanned 
by external means to a definite higher temperature. Measurements 
show that then the quantity of water vapor present per cubic foot, 
when a state of saturation is reached, will be greater than before. 
Thus for every temperature there is a definite quantity of water vapor 
necessary to saturate one cubic foot of space, this quantity increases 
as the temperature rises, and by experiment it is found that if the tem- 
perature is raised by constant increments, the corresponding increment 
in required water vapor continually increases. 

The amount of water vapor present in a cubic foot of space is 
called its absolute humidity. Table 1 shows in column 3 the absolute 
humidity at saturation, in grains per cubic foot of space, at various 
temperatures from zero to 100 degrees fahrenheit. When a given 
space contains less water vapor than the amount required to produce 
saturation at the existing temperature, the absolute humidity is 
correspondingly less than the value shown for the given temperature 
in the above table. 

Column 4 shows for each temperature the depth in inches o! a 
layer of water which, when converted into vapor, would suffice to 
saturate the space above for a height of one mile. Or, it shows the 
amount of rain in inches that would result if all the moisture could be 
removed by condensation from a layer of the saturated atmosphere 
at uniform temperature one mile thick. 

For each condition of saturated space the water vapor has a definite 
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vapor pressure, which would be evident as an internal pressure against 
the walls of the containing vessel. For conditions in which space is 
not saturated, the vapor pressure follows practically the laws of 

Table 1. — ^Humidity, Vapor Pressure, Weight, and Heat Increments for Saturated 

Space and Dry Air at Various Temperatures. 
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permanent gases; that is, if the temperature remains constant the 
vapor pressure is proportional to the absolute humidity; and if the 
temperature varies but the absolute humidity is constant, the vapor 
pressure is proportional to the absolute temperature. The absolute 
temperature is the fahrenheit temperature plus 460 degrees. Table 1 
above gives in column 5 the vapor pressure in pounds per square inch, 
for saturation for each temperature. 

Column 6 gives the weight in pounds of a cubic foot of dry air, 
under a pressure of 14.7 pounds per square inch, for the various 
temperatures. Column 7 gives, similarly, the weight of a saturated 
mixture of air and water vapor, when part of the dry air has been 
replaced by the vapor, so that the total pressure remains as before at 
14.7 pounds per square inch. 

Recurring again to the imaginary experiment described above, let 
us consider the heat changes involved in passing from one saturated 
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state to another at a higher temperature. The heat tJbat Trould ( 
necessity be supplied to the containing vessel would be I'equired fci 
three purposes: first, a certain amount to raise the te]xij>eratiire c 
the liquid water present; second, a certain amount to raise tlie tempei 
ature of the water vapor present; and third, a certain amount to suppl; 
the latent heat of evaporation of the additional amount of i^ate 
converted to vapor to produce the saturated state at the Iii^he 
temperature. In these calculations the second portion is negligible 
60 that assuming the changes to take place by 5-degree steps^ tabJe 1 
contains in column 8 the amount of heat for the third portion men- 
tioned above, the amount required to bring the water vapor again 
to a condition of saturation from a saturated condition five degrees 
colder. It is important to note that if saturated vapor is cooled it 
is necessary to remove exactly corresponding amounts of lieat to 
produce a given change of temperature. During such cooling the 
excess vapor will be converted into the hquid state in the form of 
cloud, mist, or fog. 

It will be noticed that nothing has so far been said about the 
effect of the presence of air in our imaginary experimental vessel. 
The presence of such air produces only incidental and relatively in- 
significant effects. It retards somewhat the rate of evaporation and 
the diffusion of the resulting water vapor into a uniform distribution 
throughout the enclosed space. The pressure of the air would be 
added to the vapor pressure to give the pressure reading on such an 
instrument as a barometer. When the temperature is raised the 
pressure of the confined air would increase in proportion to the abso- 
lute temperature, and a certain amount of heat would be required to 
raise the temperature of the confined air. For example, to raise the 
temperature of one cubic foot of dry air at constant volume from 
75 to 80 degrees f ahrenheit requires .06 British thermal units of heat, 
while table 1 shows that to raise one cubic foot of saturated vapor 
through the same change of temperature requires .22 British thermal 
units. 

It is desirable here to state the definitions of two terms much used 
in meteorology, namely, dew point and relative humidity. Given a 
certain state of unsaturated space with a definite absolute humidity, 
the relative humidity is the ratio of the given absolute himiidity to the 
absolute humidity necfessary to produce saturation without change 
of temperature, and the dew point is the temperature to which the 
space would have to be reduced to become saturated without any 
change in the absolute humidity. 

If the atmosphere were a quiet uniform layer, its pressure at the 
surface of the earth would exactly equal its weight. Disturbances 
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and movements of the atmosphere cause its pressure at the earth's 
surface to vary, but the pressure averages about 14.7 pounds per 
square inch at sea level. The pressure is ordinarily measured by a 
barometer in inches of mercury column and is indicated in this unit 
on the daily weather maps issued by the Weather Bureau. The value 
corresponding to 14.7 pounds per square inch is 29.9 inches of mercury. 
Since one cubic foot of air at sea level weighs on the average 
0.078 pounds, if the atmosphere were of uniform density at all eleva- 
tions a thickness of about five miles would suffice to produce the 
pressure of 14.7 pounds per square inch. But as one rises above the 
earth's surface the pressure decreases by exactly the weight of the 
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FIG. 1.— PRESSURE AND TEMPERATURE AT VARIOUS ALTITUDES. 

These curves show observed pressure and temperature at elevations above the 
earth's surface, and temperature changes resulting from the adiabatic expansion of 
dry and moist air. 

layers of air passed through. As the pressure decreases, the density 
or weight of one cubic foot decreases correspondingly. Hence, the 
successive layers of air weigh less and therefore the change of pressure 
for each 1000 feet rise constantly decreases. If the composition and 
temperature of the air were constant it would be possible to calculate 
the pressure at any altitude. But the temperature decreases with the 
altitude at an average rate of about 16 degrees fahrenheit per mile. 
This makes the upper layers more dense than they would be if at a 
' uniform temperature and so tends to maintain a more uniform change 
of pressure with altitude. In figure 1, Curve A shows the average 
pressure and Curve B the average temperature of the air at various 
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elevations above sea level as it might exist on a clear Jbot sximm 
afternoon. The lower half of the atmosphere is contained -within 
layer 3.6 miles thick, but the thin outer layers extend to sl lieigbt 

many miles. 

The sun's heat keeps the lower atmosphere in continual znotioj 
with the result that the layers at different elevations constantly mi 
with each other more or less. It may be profitable to begin tb 
discussion of the effects of this mixing by considering first the simples 
possible theoretical case, that is, that of an atmosphere yvhicb i 
moisture free, and hence composed of permanent gases. If & cubi 
foot of such a gas is carried from sea level to higher altitudes, th< 
pressure upon it gradually decreases and it undergoes a corresponding 
expansion in volume. As the gas thus expands it performs ^vorl* 
upon its enclosing envelope which is measured as a product of force 
and distance; the distance being the increase in volume, and the 
force being the average pressure of the gas during the expansion. 
The source of energy for performing this work is the heat initially 
present in the gas. If no heat is received by the gas from an external 
source, then its temperature will fall just such an amount that its 
loss of heat energy will be exactly equivalent to the external work 
performed during expansion. Such expansion is called adiabatic 
expansion. Since the specific heat of air is well known, it is possible 
to calculate closely the temperature of such a cubic foot of air as it 
rises to various altitudes. Figure 1, Curve C, shows the temperature 
reached at various altitudes on the assumption that the air started 
from sea level at a temperature of 80 degrees. This process is re- 
versible, so if the cubic foot were returned to its original position it 
would be again compressed and warmed up to its original temperature. 

This curve in figure 1 may be considered a curve of neutral equi- 
librium. If the temperature of a dry atmosphere could be imagined 
to agree throughout with this curve, then if any portion of that 
atmosphere either rose or fell its temperature would change auto- 
matically and would be in agreement with the temperature of the 
surrounding layer in its new position. In contrast with this, con- 
sider a cubic foot at some altitude which should have artificially a 
higher temperature than that corresponding to the surrounding layer 
at this altitude. It would then be lighter than the surrounding air 
and would rise under the buoyant force. However, at each new 
altitude it would be Ukewise warmer and lighter than the surrounding 
layer and hence it would keep on rising indefinitely. On the other 
hand, a cubic foot heavier than its surrounding layer would sink to 
the earth's surface. By an extension of this reasoning it is obvious that 
if above some elevation the remaining atmosphere is warmer than the 
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temperature shown in figure 1, then it tends to remain in its superior 
position, and is in stable equilibrium; but if above the given elevation 
the remaining atmosphere is colder than the temperature shown by 
the curve of equilibrium, then the whole atmosphere is in unstable 
equilibrium and would be likely to be overturned. 

The final condition to be considered and the most complex is an 
atmosphere containing water vapor. There is, of course, an endless 
variety of cases depending upon the initial temperature condition and 
degree of saturation. One case only will be considered in detail; 
perhaps it is the simplest, but it may serve in a general way as an 
illustration of all related cases. Assume as an initial condition a large 
mass of saturated air at sea level at a temperature of 80 degrees, a 
rather extreme condition, but one that may, perhaps, be reached in 
summer. Assume that some impulse starts this mass into upward 
motion into layers of air whose temperature and density vary according 
to the average observed conditions as shown in figure 1. As the 
saturated atmosphere rises into regions of reduced pressure, it will 
expand, and thus perform work. Its temperature will be reduced 
by the abstraction of suflScient heat to perform the external work. 
Since the air is originally saturated, lowering the temperature implies 
the condensation of some of the water vapor into the Uquid state. 
Now, to lower the temperature of one cubic foot of saturated air one 
degree requires the removal of much more heat than would be neces- 
sary if the air were moisture-free; or, what is the same thing, to supply 
a certain amount of heat energy, the cubic foot of saturated air will 
have its temperature reduced only a fraction of the amount by which 
a cubic foot of moisture-free air would be reduced. As a consequence, 
the temperature of the rising moist air wUl be decidedly higher than 
that of the surrounding layers of stationary air. 

The condensed moisture in this case will first appear as fog. If 
the particles are small enough they will fall at an exceedingly slow 
rate. As their size increases their vertical velocity will likewise 
increase. For the sake of simplicity let it be assumed that the con- 
densed moisture is removed by falling as soon as it forms. On this 
assumption the temperature can be calculated for each pressure and 
thus for each altitude. This temperature is shown on figure 1, Curve 
D. This is then an irreversible process, due to the removal of the 
condensed moisture, and if through some agency the saturated air 
should be caused to fall, it would return to its original elevation along a 
curve parallel to Curve C. It is supposed that fog or cloud particles 
are usually between 0.001 and 0.0002 inch in diameter, and that a 
particle of the larger size falls through the air at a rate of 2 inches 
per second or 1 mile in 9 hours. 
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The distance between Curves B and D, showing the difference in 
temperature at any elevation, is in a way a measure of the difference 
in weight or density of air under the two conditions and so indicates 
the buoyant force. In hot summer weather warm air from the 
ground does rise every clear afternoon under such forces producing 
the cumulus clouds so constantly visible. Such vertical currents are 
called convection currents. When the supply of warm moist air is 
sufficient, a thundershower often results. By means of measure- 
ments on the clouds it has been determined that these ascending 
currents often rise to an altitude of several miles. 

For purposes of comparison, Curve E has been added on figiu-e 1, 
similar to Curve D except starting with a temperature of 70 degrees 
at sea level. 

One point remains for discussion. In drawing Curve D, it was 
assumed that all condensed moisture was removed from the air as 
soon as formed. Actually, condensed moistiu-e in the form of cjoud 
or fog remains largely with the air in which it is produced. This 
cloud or fog increases the weight of the air containing it and so reduces 
the buoyant force. To indicate something as to the amount of this 
effect Curve F has been added showing by its position between Curves 
B and D the relative decrease in the buoyancy if none of the con- 
densed moisture had been removed from Curve D. Curve G has been 
similarly drawn with respect to Curve E. 

The data in table 1 and the curves in figure 1 show the nature 
and importance of the disturbing forces introduced into the atmosphere 
by the presence of water vapor. When a mass of air at the surface 
becomes well warmed and well saturated with moisture, a state of 
unstable equilibrium is reached whose disturbing effects upon the 
winds and weather often results in thundershowers and other forms 
of precipitation. The convection currents which result from such a 
state of unstable equilibrium seem to play an important part in all 
storms, but other factors also have a large influence, and no one yet 
has been able satisfactorily to show just what weight in producing 
precipitation must be ascribed to the effect of convection. 

MOTION UPON THE EARTH'S SURFACE 

In order to comprehend the most fundamental relations existing 
between the horizontal motions of the atmosphere upon the earth's 
surface and the forces which control these motions, it is necessary to 
have in mind some of the underlying laws of mechanics. The more 
elementary of these laws will be stated and illustrated briefly using 
graphical methods so far as possible to illustrate the relations existing 
between the differential quantities. For a complete mathematical 
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treatment by analytical methods the reader is referred to the treatises 
enumerated at the end of this chapter. 

CENTRIPETAL FORCE AND RADIUS OF CURVATURE 

In figure 2 let P represent at the beginning of a certain instant of 
time the position of a body moving in the direction of PA with a 
velocity V. If no force acts upon the moving body it will move in a 
straight Une with unchanging velocity. This law 
of motion is commonly said to result from the /, | >&j^ a 
body's possessing the property of inertia. In a 
brief time, dt, the body moves a distance equal to 
V dt. 

Let 

PA ^V dt (1) 

Now suppose that during this same time, db 
the body is acted upon by a constant force, F, act- / 
ing always at right angles to the direction of the ■^^^- ^- "~ ^^" 
velocity. The effect of the force, F, is to turn the ^^^^ CURVA- 
body from the straight Une PA, so that at the end 
of the time, dt, it is at a position, B, The effect of the force, F, is to 
move the body sideways a distance AB in the time, dt. If a is the 
acceleration produced by the force, F, in the direction AB, then 

AB = \a{dty (2) 

If F is measured in pounds, W is the weight of the body in pounds, 
and g is the acceleration of gravitation, the relation between F and a 

is given by 

F 
« = ^fi^ (3) 

When the body arrives at B it is travehng in a direction slightlj'^ 
different from what it had at the point, P, but its speed is unchanged, 
because the deflecting force always acts normal to the direction of 
motion of the body and therefore has no tangential component. The 
path from P to B is curved. For such a short length as we are here 
considering the curve would be sensibly a circle and it is often con- 
venient to know under such circumstances the size of this circle of 
curvature, or the radius of curvature. For any such case, where the 
circle is known to be tangent to the line, PA, at the point, P, and 
passes through the point, B, whose position is known with respect to P, 
the following rule, derived from plane geometry, and accurate only 
for differential quantities, is very convenient. 
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Let 

PA = dz 

AB = dy 

p = radius of curvature 



Then 



P = ^^ (4 



From this and equations 1 and 2 the ordinary expression for the 
acceleration of centripetal force is obtained: 

a = - (5) 

RADIAL BAROMETRIC GRADIENT IN A ROTATING 

ATMOSPHERE 

In order to study each element in its simplest separate form let us 
next consider the eflfect of circular motion -in the atmosphere upon 
barometer pressures as they would exist upon an earth without rota- 
tion. It will later be shown that the diurnal rotation of the. earth 
has a decidedly important influence on the distribution of barometer 
pressures in a moving atmosphere, and it is simpler, and hence advan- 
tageous, to consider the earth at first without rotation. 

Assume on some part of the earth's surface that over a large area 
the air is moving in an eddy or whirl in a counter-clockwise direction 
about some fixed center. This eddy might be 500 miles or more in 
diameter, with the wind having everywhere a velocity of 20 miles per 
hour. Such a circulation is called in meteorological parlance, a 
cyclone. If the air is at each point moving in a true circle around 
the center, this shows that at the center the barometric pressure 
must be lower than at the outskirts by the amount required by the 
formula for centripetal force. With a constant velocity, 7, the 
barometric pressure along a radial Une will change at a varying rate 
dependent upon the value of p. This rate or barometric gradient at 
the surface of the earth, expressed in inches of mercury diflference in 
barometer reading per 100 miles of. horizontal radial distatfce is 

Barometric gradient = .25 — = 77^5- W 

gp 128p 

in inches per 100 miles, in which V is the velocity of the wind in miles 
per hour, g is the acceleration of gravity in feet per second, and p is 
the radius in miles. For a velocity of 20 miles per hour, and a radius 
of 200 miles this gives a barometric gradient of .015 inch per 100 
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miles. This result shows that for ordinary conditions centripetal 
force has but small effect upon the distribution of barometric pressure, 
but for such extreme conditions as are reached in a West Indian 
hurricane the effect of rotation becomes very marked. In the 
above example with the circulation in a counter-clockwise direc- 
tion the higher pressure would be on the right hand side of the moving 
air current. 

An important relation in connection with a revolving cyclone such 
as that described above should be noted at this point. If such a 
whirling mass or disk of air should be, say, two miles thick and several 
hundred miles in diameter, the friction of the surface of the earth 
would be a disturbing element which would constantly ten^ to reduce 
the velocity of the moving air at the surface to a value less than that 
existing at higher altitudes above the earth's surface. This would 
upset any previously existing equiUbrium between centrifugal force 
and barometric gradient. If at a height of 1000 feet, the atmosphere 
were revolving in circular paths with the horizontal barometric 
gradient just balancing the horizontal centrifugal force, then at lower 
elevations where the linear velocity of the air was less, the barometric 
gradient would more than suffice to overcome the centrifugal force, 
with the result that the lower air would be pushed in toward the center 
of the cyclone. Similarly at higher levels the barometric gradient 
would not suffice to overcome centrifugal force and the air would 
tend to move away from the center of rotation. The radial barometric 
gradient is so slight a quantity, that these variations are perhaps not 
of prime importance, but observations in the air at different levels 
indicate a relative motion inward at the ground and an outward 
motion at high altitudes. 

EFFECT OF THE EARTH'S ROTATION UPON FRICTIONLESS 

MOTION 

First, let us consider the earth as a perfect sphere not in rotation. 
If a body could move on the earth's surface without any friction, 
then such a body once put into motion would move around the earth, 
under the force of gravity, pulling it constantly toward the earth's 
center, in a path which would be a great circle. For example, in 
figure 3, representing the earth, if a body were started at P on the 
equator in the direction PA it would move along the great circle 
represented by the line PABC until it passed entirely around the 
earth and came back to the point of beginning. 

With such an earth not in rotation, the moving point, P, would 
actually traverse a great circle on the earth's surface and its velocity 
would be constant. Such a great circle might be said to correspond 
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FIG. 3. — MOTION ON 
THE EARTH. 



to a straight line on the earth. A peculiarity of the motion would be, 
however, that its geographical direction would be constantly changing. 

At P it might be going northeast, at B due 
east, later southeast, etc., although it would 
all the time have what corresponds to a 
straight line motion. That is, it would 
remain in the plane of the same great circle 
of the earth. 

If now the earth is supposed to have a 
rotation from west to east, in the absence 
of friction the moving body would follow 
exactly the same path in space as before, 
and its absolute velocity would continue 
unchanged. Its velocity relative to the 
earth, however, would be much diflferent 
from what it was before, and the path 
which it would follow or trace upon the 
moving surface of the earth would become 
a complicated curve. The velocity of the body relative to the earth 
would be variable in both magnitude and direction. For example, 
if the angular velocity of the earth were such that the linear velocity 
of a point at the equator was somewhat greater than the easterly 
component of the moving body at the point P, then the moving body 
would faU behind the earth and would seem to move relatively to the 
earth in a northwesterly direction from the point P. As the body 
reaches more northerly latitudes, the linear velocity of points on the 
earth's surface becomes less, while the easterly component of the 
velocity of the body becomes greater. Thus a place may be reached 
where the body is keeping up with easterly motion of the earth, and 
beyond which the moving body actually has an easterly component 
of motion relative to the earth. In such a case the path traced on 
the earth's surface would be a series of loops. The consideration of 
this case serves to introduce in a simple manner the idea of relative 
motion on the earth's surface, but need not be followed further, for 
the reason that the actual surface of the earth is not a sphere but an 
ellipsoid with the polar diameter appreciably less than the equatorial. 
This introduces a new element which complicates the situation, but 
which in the end simplifies the result expressing motion relative to 
the moving surface of the rotating earth. 

On account of the ellipticity of the earth, the attraction of gravity 
directed towards the center of the earth acting on a body moving with 
the earth such as J5, figure 3, is not perpendicular to a level surface 
at B, but has in the northern hemisphere a component directed toward 
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the north pole. The direction of the attraction of gravity at the 
point B should not be confused with the direction which a plumb 
line at B indicates. The latter, acting normal to the tangent plane 
at B, is only one component of gravity and is balanced by the reaction 
of the earth at this point. The other component, acting at right 
angles to the axis of rotation of the earth, is a centripetal force, also 
called in technical mechanics an unbalanced, accelerating, or deviating 
force, although it is sometimes said to be balanced by the so-called 
centrifugal force. This centripetal force is what causes a body, at 
rest on the surface of the earth, to deviate from a straight path as the 
earth revolves and thus to remain on the earth instead of flying ofif 
into space. The so-caUed centrifugal force is not a real force at all 
as this word is defined in mechanics. Hence, if the elliptical earth 
were not rotating, a frictionless body moving due east on the earth 
at the point B would not continue in the great circle, as it would for a 
spherical earth, but would be deflected towards the north by gravity. 
In such case the deflection would be towards the left. 

To examine in detail the motion of a body on the earth's surface 
it is necessary to represent the motion in a plane. This may be 
conveniently done by means of the cone tangent to the earth on the 
parallel of latitude through the point under investigation. Thus to 
study the relative motion at the point B, figure 3, draw the tangent 
cone whose vertex is at M. Any motion on the earth's surface at B 
may be considered as equally a motion in the conical surface. 

Let figure 4 represent the development in a 
plane of the portion of the conical surface near B, ^ 

Let R = radius of the earth in miles 

= latitude of the point B 

U = Unear velocity in miles per hour of a 
point of the earth's surface at the 
latitude 

V = linear velocity relative to the earth's 
surface in miles per hour of a fric- 
tionless moving body at the point B. pjQ 4. — MO- 

TIO N IN A 
In figure 4, the development of the Une of tan- plane TAN 

gency of the cone arid sphere, which is the parallel of gent TO THE 

latitude through B, will be the arc of a circle BQS, EARTH. 

whose center is M and whose radius, BM, equals 

R cot <t>. At B, a point of the earth's surface is moving due east in 

the direction of BL with a velocity, U. If no force were acting to 

deflect this point from the straightest path, it would move along a 

great circle which would show in the development as the straight Une 
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BL. But actually on account of the eccentricity of the earth there is 
an unbalanced component of gravity urging it toward the north. 
This force is just sufficient to deflect the motion of the point from the 
great circle to the circle BQS corresponding to the parallel of latitude. 

In the short time dt, the velocity U if imafifected would carry the 
point a distance U dt represented in figure 4 by BL, In the same 
space of time the ellipticity of the earth produces a deflection to^wards 
the north equal to LQ, so that at the end of the time dt, the point is 
not at L but at Q. 

Now, let us consider the case of a frictionless body at the point B 
moving in any direction on the earth's surface, with an initial relative 
velocity V, If the earth were stationary and spherical the body 
would in the time, dt, move a distance V dt to a, position K, Since the 
earth is in rotation the absolute velocity of the moving body is the 
resultant of U and V. In the time, dt, therefore, if no deflecting force 
were acting the motion of the body would be found by combining 
BL and BK, which would take the body to the point F, But the 
ellipticity of the earth produces during this same interval of time, dt, 
a movement FG equal to LQ. Hence, at the end of the time, dt, the 
body actually is at the point, G, In figure 4, BK, LF, and QG are 
all equal and parallel. 

It is next desired to find the path described on the earth's surface 
by the moving body during the motion described above. Since at 
the point B the body has a relative velocity V in the direction BK, 
the path, if a curve, must be tangent at B to the line BK, and the 
center of curvature must be on a Une drawn through B perpendicular 
to BK, After the time, dt, the point B has moved to the position, Q. 
During this time the Hne BK has turned through an angle so that it 
is no longer parallel to its original position Uke QG, but occupies a 
position QH such that the angle GQH equals the angle BMQ. Hence, 
drawing QO perpendicular to QH, the center of curvature, 0, lies on 
this line at such a distance from Q that a circle drawn through Q shall 
pass through the point, G. Hence, referring to the equations on 
page 42, 

QH = dx 
HG^dy 

But QH ^ V dt, and from the similar triangles QHG and JIfQB, 

R cot 
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Substituting these values in equation 4 there is obtained 

VR cot 



P = 



2U 



o. TT 27ri2 cos ., , 

Since U = TTz — - miles per hour 

24 

p — — — miles (7) 

This is based upon the assumption that the earth rotates once 
upon its axis in 24 hours. Since the sidereal day is about four minutes 
shorter than the mean solar day, this assumption introduces a small 
error. 

Equation 7 shows that a slowly moving body on the earth's surface, 
when not near the equator, tends naturally to move around a closed 
curve, approximately a circle, of relatively small size. For example, 
with a velocity of 10 miles per hour in latitude 30 degrees, the radius 
of the circle would be about 40 miles. In the northern hemisphere 
the deflection from a straight Une is toward the right, or in other 
words the motion is in the clockwise direction. In the southern 
hemisphere the deflection is toward the left, or the circular motion is 
counter-clockwise. 



INFLUENCE OF EARTH'S ROTATION ON BAROMETRIC 

GRADIENT 

» 

When the movements of the atmosphere follow the curved paths 
described in the preceding paragraph the rotation of the earth has no 
influence on the pressure distribution. However, when they depart 
from these paths, as they generally do, there must be a barometric 
gradient at right angles to the Hne of motion of sufllicient magnitude 
to cause the departure. 

The force necessary to change the motion of a mass of air from the 
curved path derived in the preceding pages to a straight Une motion 
relative to the rotating earth, is just equal to the force that would 
change the motion on a still earth from a straight line to the curved 
path. Therefore, by substituting the value of p given by equation 7 
in equation 6, there is at once obtained an expression for the barometric 
gradient at right angles to the direction of motion which is necessary, 
on account of the rotation of the earthy when the atmosphere moves 
in an approximately straight Une. The equation thus obtained is: 
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Barometric gradient 

= ""^^^^ = .0047 sin ^ inches per 100 nules (8) 

For many conditions this will be a larger gradient than that in 
simple circular motion given above by equation 6. For example, with a 
velocity of 20 miles per hour in a latitude of 30 degrees the barometric 
gradient at right angles to straight line motion would be .04 inch of 
mercury per 100 miles. If the wind is moving in a curved path in a 
counter-clockwise direction, the total radial barometric gradient will 
be given by the sum of equations 6 and 8. If the motion is in the 
clockwise direction the gradient is found by taking the difference of 
the two equations. 

GENERAL WIND CIRCULATION FOR EASTERN UNITED 

STATES 

The immediate cause of the general wind circulation is the variation 
in air temperature. As a hypothetical illustration consider the relative 
pressure distribution above two points where the air temperatures 
average 60 and 80 degrees, respectively. At the colder point the 
barometric pressure would decrease upward at a rate at first of about 
0.1 inch of mercury for each 100 feet of vertical rise and would con- 
tinue to decrease at a rate which would be not quite a constant but a 
slowly decreasing quantity. At the warmer point the air would be 
about 4 per cent lighter for the same pressure, and at all higher alti- 
tudes would continue to be lighter than the colder air in about the 
same ratio. The consequence of this is that the decrease of pressure 
in rising a stated vertical distance would not be so much at the warmer 
point as at the colder. In rising 1 mile the pressure at the colder 
point would decrease 0.2 inch of mercury more than the decrease at 
the warmer point. If the pressure at the surface of the earth were 
the same at the two points then the pressure 3 miles above the earth's 
surface would be 0.6 inch of mercury less at the colder point. Or, 
if the pressure at the earth's surface were 0.3 inch greater at the 
colder point, at an altitude of 3 miles it would be 0.3 inch less than 
for the same altitude at the warmer point. In this latter case, then, 
there would be a surface wind from the colder to the warmer region 
and at high altitudes a wind from the warmer towards the colder 
region. Similarly, any variation in temperature between two points 
on the earth prevents the existence of a state of equilibrium and starts 
an air circulation. 

The latter case typifies the condition existing over a large part of 
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the earth's surface during much of the time. The high temperatures 
prevailing in the equatorial region lead to an unequal pressure distri- 
bution with the result that around the earth there is a fairly permanent 
belt of high pressure at the surface in latitude 30 to 35 degrees north, 
accompanied by corresponding low pressures at great altitudes above 
the earth. The resulting surface winds blowing constantly towards 
the equator over the oceans are called the trade winds. Where 
deepest they attain an altitude of about 2| miles. The belt of high 
surface pressure is afifected by the seasons as the sun moves north and 
south of the equator, and by the relations of the continents to the 
oceans, since land areas are warmer than water areas during the 
summer, and correspondingly colder during the winter. 

The region of the trade winds only barely touches the most south- 
ern part of the United States, but our winds are afifected by their 
influence. As previously explained on page 47, any wind in the north- 
ern hemisphere tends to be deflected toward the right. Hence the 
trade winds in blowing toward the equator turn toward the southwest. 
Similarly, the air currents at high altitudes moving north from the 
equator blow toward the northeast, and since they are probably 
much less retarded by friction on account of their separation from 
the earth's surface, their easterly component of velocity persists suf- 
ficiently to give a decided drift towards the east to all the atmosphere 
throughout the range of latitude occupied by the United States. 
The latter is said to lie in the region of the prevaiUng westerUes and 
this constant steady drift of our atmosphere toward the east is the 
basis of all our weather predictions. 

Throughout the region of the prevaiUng westerUes the air tempera- 
tures, and their resulting winds, are much affected by the presence of 
the water vapor and clouds in the air, and by the vertical movements 
in the air masses. The mechanism controlUng changes in these ele- 
ments has not yet been completely determined, and for this reason 
long-range weather forecasts are stiU in only a partially developed 
state. 

The general circulation of the atmosphere between tropical and 
extra tropical regions by means of high-altitude currents in one direc- 
tion and low-altitude currents in the reverse direction, might be spoken 
of as a continuous circulation in vertical planes. In the latitudes 
of the United States this simple circulation, during much of the time, 
becomes converted into what might be called for contrast a circula- 
tion in horizontal planes. Over a large area the air will be moving 
toward the north, at a particular instant, while over a dififerent but 
correspondingly large area at the same time the air will be moving 
toward the south. The whole system has a continual drift towards 

4 
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the east in correspondence with the prevailing westerlies of these 
latitudes, with the result that at a given geographical station the 
winds are intermittently southerly and northerly. 

Neither the origin of these changes nor the mechanism which 
controls their movements is well enough worked out yet so that 
accurate predictions of their movements can be made for any extended 
advance period. But the principle of continuity and the data which 
is being accumulated each year by the Weather Bureau are continually 
extending the range of possible prediction. The disturbance of 
temperature conditions by continental areas and by water vapor and 
clouds in the air doubtless have a large efifect in the intermittent wind 
circtilation. Also, the region of prevailing westerlies, by producing a 
constant circulation around the north pole, sometimes called the 
circumpolar whirl, must produce a constant tendency for a low alti- 
tude current to creep along the earth's surface in a northerly direction 
as explained on page 43. 

STORMS 

' A storm may be defined as a movement of the air accompanied 
by precipitation. Precipitation in any storm is very unevenly dis- 
tributed, even within limited areas. "A diiBference of 60 per cent 
within five miles or 100 per cent within ten miles can easily occur. 
From a study of many gages located within ten miles of Berlin, Hellman 
found that even in monthly totals, gages 1500 feet apart were as likely 
as not to differ 5 per cent, while of course in special rains they would 
differ 100 per cent."* 

The distribution of normal annual rainfall over the eastern United 
States is shown on figure 5, a map of the country east of the 103d 
meridian, on which are drawn isohyetal lines (lines of equal rainfall) 
for each 10 inches. The map is the latest issued by the Weather 
Bureau, and is based on records of about 1600 stations for the 20-year 
period 1895-1914, and 2000 additional records from 5 to 19 years in 
length, uniformly adjusted to the same period. 

Rainfall is dependent originally upon the evaporation of water 
into the air. In the form of water vapor it may then be transported 
long distances by the winds. Before precipitation can occur con- 
densation must be produced by cooling. The cooling may be caused 
by contact with cold surfaces or with cold layers of air, by adiabatic 
expansion while rising to greater altitudes, by radiation, and by mixing 
with colder air. The oceanic areas of the torrid zone are the most 
extensive source for evaporation, although it is to be remembered that 
even on land surfaces a large fraction of the annual rainfall is re- 

* Willis L. Moore, Descriptive Meteorology, New York, 1910, page 209. 
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evaporated again into the air. The water precipitated a& 
therefore from these two distinct sources, each of whicl 
ponderate according to the nature of the storm. Thus, thu 
derive their supply mainly from land surface evaporat 
cyclonic storms which are caused primarily by warm moistu 
winds blowing from the tropics, are fed largely by evapora 
the ocean. 




FIG. 5.— NORMAL ANNUAL RAINFALL OVER; THE EASTERN 

UNITED STATES. 



The normal annual precipitation, as will be seen from an inspection 
of the isohyetals, exhibits a decided variation in amount for different 
parts of the eastern United States. This variation is a climatic feature 
traceable to factors, both general and local in character, the most 
important of which are latitude, proximity to oceans, and altitude. 
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The annual amount of rainfall tends to diminish as the latitude 
increases. Broadly stated, in the eastern United States, the norma] 
annual precipitation ranges from about 60 inches along the gulf 
coast to about 30 inches along the Canadian line. 

Rains caused by moisture-laden air from the Gulf of Mexico and 
the Atlantic Ocean exert a marked influence in swelling the annual 
precipitation in the southeastern parts of the United States. Con- 
versely, as the distance from these bodies of water increases this in- 
fluence becomes less. This is particularly noticeable in the great 
plains region immediately west of the Mississippi River, where the 
lack of moisture from the gulf region causes the annual rainfall to 
diminish rapidly in a westward direction. The isohyetals here run 
nearly north and south with a marked easterly inclination in the 
northerly latitudes caused by the influence of these latitudes tending 
to decrease rainfall. 

Increase of altitude usually is accompanied by increased rainfall, 
but this is largely local in efifect. Except for these local variations, 
which may be very appreciable in amount, the efifect of topography on 
rainfall is popularly much overestimated. Mountain ranges, by forc- 
ing air currents to higher altitudes, induce precipitation and so cause 
the annual precipitation to run high on the sides exposed to pre- 
vailing winds. This very action is, however, responsible for greatly 
decreased rainfall on the leeward sides of such mountain ranges, 
although the elevation there may also be considerable. The great 
plains region west of the Mississippi River rises 6000 feet in about 
750 miles to the foot of the Rocky Mountains. Yet its normal annual 
precipitation shows a decrease in going westward of over 25 inches. 
Tliis shows that latitude and proximity to the ocean may be more 
potent factors than altitude. 

It is convenient to consider storms in the eastern United States 
as being of three classes: cyclones, West Indian hurricanes, and 
thundershowers. 

Cyclones 

Cyclones, frequently called extratropical cyclones, to distinguish 
them from the tropical cyclones or West Indian hurricanes, are dis- 
turbances of varying intensity which pass over the United States with 
more or less regularity, in a general easterly direction, and are usually 
accompanied by rainfall over extensive areas. Their action will be 
understood from the following considerations. 

When a mass of air covering a large area moves from south to north 
there must be, as explained on page 47, a tendency towards the 
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aGGiiiniilation of pressure on the right hand or east side of the moving 
mass; or, what is the same thing, the production of an area of low 
pressure on the western side. Conversely, if air moves from north 
to south the pressure will be low to the east of the moving mass and 
high to the west of it. 

On the daily weather map, isobars or Unes of equal atmospheric 
pressure at the earth's surface are drawn in accordance with the 
daily simultaneous observation of the pressure at stations scattered 
over the whole country. The high and low pressure areas are usually 
inclosed by oval shaped isobars, and are commonly spoken of as the 
highs and lows of the weather maps. The lows are generally more 
definite than the highs. The lows and highs are usually from 500 to 
1000 miles apart and drift across the country from west to east in a 
more or less regular and constant succession. 

A low pressure area, as shown on a weather map, furnishes a most 
convenient and useful epitome or short-hand indication of the weather 
conditions existing and impending over an area extending for several 
hundred miles in every direction from its center. Around a low 
the wind circulation is in general counter-clockwise, that is, in a 
northerly direction to the east of, and in a southerly direction to the 
west of the low. This gyratory or cyclonic movement has given rise 
to the use of the term cyclone as applied to weather disturbances 
accompanying low pressure areas. The result of this general wmd 
circulation is that east of a low the southerly winds bring a slowly 
rising temperature, while west of a low the northerly winds produce 
cold. As a low in its easterly motion drifts over a given station, there 
is often a sudden change in wind and temperature, producing the 
marked cold waves particularly noticeable in winter. 

In the area to the east of a low the southerly winds bring moisture 
from the Gulf of Mexico and Atlantic Ocean into the cooler northern 
latitudes, leading to the formation of clouds and precipitation. Hence, 
in this area there is always a more or less general ramf all. The in- 
tensity of rainfall is dependent on a variety of causes, sometimes it 
seems somewhat proportional to the strength of the winds. The con- 
densation of water vapor apparently takes place chiefly in the lower 
mile of the atmosphere, and is probably assisted by local vertical 
displacements of masses of air in a manner similar to the action in 
tropical hurricanes and thundershowers to be described later. The 
prediction of weather changes is based chiefly upon the geographical 
movement of low pressure areas as determined by observation of 
previous similar cases. The lows are much more frequent, definite, 
and energetic in winter than in sunmier, with the result that our 
alternations of warm threatening weather and cold clear weather are 
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correspondingly more frequent and marked in the winter; but not- 
withstanding this fact, our precipitation is, on the average, greater 
in summer because of the greater capacity of the air for carrying water 
vapor on account of the higher temperatures prevailing during that 
season. 

About 120 cyclonic disturbances cross the country per year. In 
passing across the continent, cyclonic centers show generally a tend- 
ency to avoid crossing areas of high elevation, such as mountain ranges 
and high plateaus, except in the cold season. 

Rates of Travel of Cyclones and Precipitation Areas 

Cyclones have a fairly definite rate of motion in passing across the 
continent. An examination of the charts published by the Weather 
Bureau, in Supplement No. 1 of the Monthly Weather Review, 1914, 
which illustrates types of storms and their movements, shows that 
the average hourly movement of a cyclone center varies from less than 
20 miles in summer to over 40 miles in winter. 

It might be supposed that the center of precipitation would have 
about the same velocity of translation as the center of the low pressure 
area, since it generally occurs in the south or southeast quarter of 
the latter in the eastern part of the United States. A study was made 
of 33 of the most important rainstorms in the eastern United States, 
for which data are available. Further reference to these, together 
with maps, will be found in a subsequent chapter. This study showed 
that the rate of travel of the area of precipitation was so erratic as to 
be practically indeterminable, although definitely greater in winter 
than in summer. About all that can be said is that the direction of 
movement is generally the same as that of the low. Several reasons 
suggest themselves for the erratic nature of rainfall travel: (a) the 
lows themselves are far from uniform in velocity of movement; (b) in 
the Upper Mississippi and Ohio River valleys the direction from which 
moisture bearing winds can approach a low is restricted; (c) rainfall 
gaging stations are too far apart to permit drawing accurate con- 
clusions; (d) the rate of precipitation is far from uniform; (e) the 
distance from the center of the low to the center of precipitation varies 
greatly in the same and in different storms. 

West Indian Hurricanes 

West Indian hurricanes, or tropical cyclones, have many features 
in common with the extratropical cyclones just described, but differ 
from them in some important respects. The differences, however, 
are of consequence only when the tropical cyclone appears in its 
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typical form. When a tropical cyclone reaches a continental land area 
its prime characteristics of enormous wind velocities, calm central eye, 
and uniformly distributed cloud area, are rapidly transformed by the 
changed conditions and it takes on the characteristics of an extra- 
tropical cyclone. Thus it is only the Gulf and South Atlantic Coast 
regions in the United States which receive the tropical- cyclone in its 
full force. The reasons for this will appear more clearly after this 
type of storm is described. 

As its name implies the tropical cyclone originates in the tropics. 
Those which reach the United States are always formed north of the 
Equator, usually in from 8 to 12 degrees, north latitude, a region of 
calm or very light variable winds. The capacity of the air for water 
vapor is great and it is almost completely saturated, producing an 
ideal condition for vigorous convection currents. This is what actually 
takes place: The superheated moist air rises, some of the water vapor 
condenses at a relatively low altitude, releasing latent heat, thus 
giving new impetus to the rising current and consequently to the 
spirally inflowing air at the base of the convection flue. This of course 
results in a greater rate of condensation, release of latent heat, and 
increased velocity of convection current. Thus the embryo tropical 
cyclone grows and builds itself up, feeding on the energy stored in 
water vapor as latent heat. The winds soon attain great velocities, 
frequently more than 100 miles an hour, and as the velocity increases 
a very low pressure area is formed at the center of the whirl. Nimbus 
clouds, evenly distributed over the entire area of disturbance, except 
for the calm central eye, are formed by the rapid condensation, and 
torrential rains fall. The temperature and moisture of the atmosphere 
in all the quadrants is the same, the former being greater and- the 
latter less in the calm central eye than in other parts of the area. 

The necessary conditions for the development of a tropical cyclone, 
that is, great absolute humidity, a surface of Uttle frictional resistance, 
and undisturbed terrestrial winds, are to be found only on a water 
surface near the equator, and, since in the northern hemisphere the 
trade winds come from the northeast, the most favorable conditions 
exist on the west side of an ocean. Furthermore, since tropical con- 
ditions extend farthest north in late sunmier, this is the most favorable 
time for the development of tropical cyclones in this hemisphere, and 
it is then that most of them occur. The direction of the spirally 
inflowing winds at the bottom of the convection flue is in a counter- 
clockwise direction, due to the influence of the terrestrial wind system. 
In general, the cyclone moves in a northwesterly direction, slowly at 
first, and then with somewhat increased velocity. About latitude 30 
the direction of movement of the tropical cyclone gradually changes 
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to northeast to conform to the changed direction of terrestrial winds. 
Thus the cyclone track is a parabola, convex westward, with its vertex 
at about 30 degrees north latitude. 

When the cyclone moves on to the North American continent, its 
characteristics are rapidly changed. The high wind velocity is reduced 
by friction, the moistiure is now supplied from only one instead of 
from all four quarters, and its amoimt from this quarter rapidly 
decreases as the cyclone moves inland, thus cutting oflf the source of 
its violent energy. As stated before, the tropical cyclone quickly 
assumes the characteristics of the extratropical cyclone. About 10 
West Indian hurricanes touch the United States each year, most of 
them occurring in late summer. On the average less than one per 
annum is violent or destructive. 

Thunderstorms 

Thunderstorms are so familiar to everyone that they hardly 
need description* They are comparatively local in extent, the cloud 
area rarely being larger than 150 or 200 miles long by 40 or 50 miles 
wide and rarely causing precipitation over an area more than 300 
miles long. They are not confined to any particular region or time 
of year, but occur most frequently in the hottest season of the year 
and warmest part of the day. 

The conditions requisite for the origin and growth of a thunder- 
storm are a pocket of warm moist air, with some source of energy to 
cause this to rise rapidly. These conditions are most frequent and 
pronounced in the southern part of low barometric areas during the 
afternoon of hot summer days, and it is under such conditions that 
thunderstorms are most frequent and violent. 

There are three fairly well defined causes for warm moist air to 
rise and cool with suflicient rapidity to result in a thunderstorm. 
In the order of their importance, these are: (1) Convection; (2) Over- 
running or underrunning cool dry currents of air; (3) Local topog- 
raphy, such as mountains. 

Convection is so well understood that it requires no further ex- 
planation here. When convection alone is active in forcing upward a 
moist quantity of air it is simply a question as to whether its action 
is vigorous enough to cause precipitation. 

In the southern quadrant of lows there is frequently developed a 
wind shift line. The normal direction of wind in that quadrant is 
of course from west to east. When the wind shift line is most com- 
pletely developed it is a northeast-southwest line, along the southeast 
side of which the wind direction is parallel to the line, and on the 
northwest side of which the wind direction is approximately per- 
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pendicular to the line. As a natural result of this condition, 
dry northwest wind frequently underruns the warm moist 
wind, forcing the latter upward, or overruns it and the greate 
of this cool dry air above the moist warm air sets up vigorous 
tion currents. In either case rapid rising and condensatior 
water vapor in the moist warm air is the result. Thunderston 
this source may occur at any time of year, though of course ti 
most violent in sunmier, due to the fact that the absolute hu 
of the atmosphere is greatest at this time of year. 

The third cause of thunderstorms, that of local conditio 
generally confined to mountain or coastal regions, and is princ 
due to warm moist air blowing against mountains and thus 
forced to rise, cool, and lose its moisture. 

The clouds and storm characteristics of all three processes an 
same- As condensation proceeds a dense cumulus cloud are 
formed having a characteristic anvil shape when seen from the i 
This cloud mass sometimes becomes two or three miles thick, or e 
more. Condensation continues, the cloud area grows, becoi 
denser, is transformed into the cumulo-nimbus type, and rain beg 
to fall. This frequently becomes very intense over considerable are 
The storm usually travels from west to east, that being the directi 
of the winds in the southern part of a low, at an average rate of 30 
40 miles an hour. Lightning and thunder are characteristic inc 
dental phenomena. The cooling of the air under the cloud, due t 
rain passing through it and the exclusion of the sun's rays, sets u\ 
vigorous eddy currents and produces squall winds in front of the cloud 
which may attain destructive velocities. Such storms usually last 
only a few hours. 

LIST OF BOOKS ON METEOROLOGY 

From the large number of works dealing with this subject, the 
following have been selected as Ukely to prove most useful to those 
wanting some technical information but not desiring to make an 
exhaustive study. Besides the books here listed, the Weather Bureau 
publishes the daily weather maps, the Monthly Weather Review, and 
numerous pamphlet instructions and bulletins. 

In the following Ust the more general and elementary works are 
put first, the specialized and technical treatises last, arranged some- 
what in order of difficulty. Many of those in the first part of the list 
are much alike, but the large number is included because they are the 
ones most Ukely to be found in the smaller public libraries, which 
might have some but not all of them. Where no other distinction is 
drawn the books follow date of pubUcation beginning with the earlier. 
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GsEBLT, A. W., American Weather, 8*", XII + 286 pp., 32 figures and 24 plates. 
Dodd, Mead & Co., New York, 1888. (Out of print.) 

Davis, W. M., Elementary Meteorology, 8% XII + 355 pp., 106 figures and 6 
charts. Ginn & Co., Boston, 1894, $2.50. 

Waldo, Frank, Modem Metecn^logy, 12% XXIII + 460 pp., 112 figures, 
Charles Scribner's Sons, New York, 1893, $1.50. The text contains a fuller technical 
treatment of circulation of the atmosphere than do most of the general works. 

Waldo, Frank, Elementary Meteorology, 12®, 374 pp., American Book Co., 
New York, 1896, $1.50. 

Moore, W. L., Descriptive Meteorology, 8®, XVIII + 344 pp.,'*81 figures and 
45 plates. D. Appleton & Co., New York, 1910, $3.00 net. 

MiLHAM, W. I., Meteorology, 8^ XVIII + 600 pp., 157 figures and 50 plates. 
The Macmillan Co., New York, 1912, $4.50 net. 

Ward, R. Db C, Practical Exercises in Elementary Meteorology, 8®, XIII + 
199 pp., Ginn & Co., Boston, 1899, $1.12. An elementary work prepared for use as a 
high school text. 

Ward, R. Db C, Climate, 8*, XVI + 372 pp., 34 figures. Putnam's, New 
York, 1908, $2.00 net. 

Abbb, Clbvbland, " Meteorology" in the Encyclopedia Britannica, 11th edition. 
A very satisfactory, condensed, technical article. 

Abbb, Clbvbland, The Mechanics of the Earth's Atmosphere, 8®, 324 pp. 
(Smithsonian miscellaneous collections — 843). The Smithsonian Institution, Wash- 
ington, 1891 . This is a second collection of translations of important separate articles 
from European soiurces dealing with meteorology. Most of the articles are mathe- 
matical in treatment. 

Abbb, Clbvbland, The Mechanics of the Earth's Atmosphere, 8^, IV -h 618 pp. 
(Smithsonian miscellaneous collections, volume 51, number 4, publication 1869.) 
The Smithsonian Institution, Washington, 1910. This is the third collection of trans- 
lations from foreign sources by Mr. Abbe and is by far the most useful and important 
of the various collections. Most of the articles contain much mathematics. 

Salisbury, R. D., Physiography, 8**, XX + 770 pp., 707 figures and 26 plates. 
Henry Holt & Co., New York, 1907, $3.50. About 200 pages of this work deal with 
meteorology. 

Smithsonian Mbteorological Tables, 8*^, LX + 280 pp. (Smithsonian mis- 
cellaneous collections — 1032). The Smithsonian Institution, Washington, third 
revised edition, 1907. A very useful collection of tables. (Out of print.) 

Wbatheb Forecasting in the United States, by a board composed of A. J. 
Henry, chairman, E. H. Bowie, H. J. Cox, and H. C. Frankenfield, 8°, 370 pp., 199 
figures and plates. An official publication of the U. S. Weather Bureau, Gk)vem- 
ment Printing Office, Washington, 1916. This work is intended as an official text- 
book covering all the forecasting methods in use by the Weather Bureau officials. 
Parts of the work are contributed by others than those named above. A very com- 
plete treatise on the subject of forecasting. 

Ferrel, William, Recent Advances in Meteorology, 8*, 440 pp., numerous 
illustrations. Published as part 2 or appendix 71 of Annual Report of the Chief 
Signal Officer of the Army for the year 1885. Government Printing Office, Washing- 
ton, 1886. A technical treatise systematically arranged in the form of a textbook for 
use in the Signal Service school of instruction and also as a handbook in the office of 
the chief signal officer. 

Ferrel, William, A Popular Treatise on the Winds, second edition, 8®, VIII 
+ 605 pp., numerous illustrations, John Wiley & Sons, New York, 1889, $4.00. This 
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was written for readers familiar with only elementary mathematics, but it is doubtful 
whether the effort to simplify the treatment has made the subject intelligible to those 
who are not specialists in the field. 

BiGELOW, F. H., Report on the International Cloud Observations, May 1, 1896, 
to July 1, 1897, 4°, 787 pp., many illustrations and plates. Published as volume II 
of the Report of the Chief of the Weather Bureau for 1898-99. Government Printing 
Office, Washington, 1900. This report is very technical and mathematical in parts 
and doubtless is the most complete treatment in English of considerable portions of 
the whole science of meteorology. 

Hann, Julius, Lehrbuch der Meterologie, 4°, XI + 642 pp.; first edition, Leip- 
zig, 1901; second edition, Leipzig, 1906. 

Hann, Julius, Handbook of Climatology, Part I, General Climatology, trans- 
lated from the second German edition by R. De C. Ward, 8°, XIV + 437 pp., 11 
figures. The Macmillan Company, New York, 1903. This work covers volume 1 of 
the German edition, is complete in itself, and is the standard work on the subject. 
(Out of print.) 

Hann, Julius, Handbuch der Klimatologie, second edition, 3 vols., 404, 384, 
and 576 pp., Stuttgart, 1897; third edition, Vol. 1, XIV + 394 pp., Stuttgart, 1908; 
third edition. Vol. 2, XII + 426 pp., Stuttgart, 1910. 



CHAPTER IV.— SOURCES OF DATA AND 
METHODS OF COMPILATION 



METEOROLOGICAL OBSERVATIONS IN THE UNITED 

STATES 

The earliest record of systematic daily weather observations made 
in America, of which we have any knowledge, is that for the years 
1644r-1645, made by John Companius, a Swedish clergyman, living 
near Wilmington, Delaware. From that time until the early part of 
the nineteenth century, a few men possessing scientific curiosity were 
attracted to the study of weather conditions and made daily observa- 
tions for var3dng lengths of time, but rarely or never contemporane- 
ously. These observations were too meager in scope and of too short 
duration to be of general utiUty. 

In 1814 the Surgeon General of the United States Army made it 
the duty of each hospital surgeon and director of a department to 
keep a diary of the weather. No attempt was made to systematize 
the observations or to standardize the instruments with which they 
were made, and the results were necessarily vague. This service was 
continued until the outbreak of the Civil War. A part of the results 
were published in three volumes entitled Meteorological Registers; 
the last, published in 1851, covers the period from 1831 to 1842. 

Contemporaneous with the foregoing observations were those 
begun in 1817 by Josiah Meige, then Commissioner of the General 
Land Office. He prepared blank forms for taking nieteorologica] 
data, and issued them to the local land offices scattered throughout 
the states. This service was later transferred to the U. S. Patent 
Office, and continued until 1859. 

Early in the nineteenth century the State of New York established 
a literature fund, a part of which was devoted to collecting meteoro- 
logical data at several educational institutions in the state. Albany 
Academy began collecting such data imder this fund in 1825, and is 
still continuing this work. It has cooperated, first, with the Smith- 
sonian Institution; second, with the Signal Service of the United 
States Army, and last, with the U. S. Weather Bureau. At the time 
this station was established, Joseph Henry was connected with the 
Academy and became familiar with the meteorological work being 
done there. When he was chosen as the first Secretary of the Smith- 

60 
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sonian Institution, upon the founding of the latter in 1846, he made 
plans for organizing "a system of extended meteorological observations 
for solving the problem of American storms."* He called to his aid 
James P. Espy and Elias Loomis, two scientists already well known 
for their studies in meteorology. On December 15, 1847, the Board 
of Regents of the Smithsonian Institution appropriated $1000 for 
inaugurating the work, but Mr. Henry reaUzed the impossibility of 
estabUshing stations with so small an amount and used it for the 
purchase of observing instruments. In August of the following year, 
Espy was appointed Meteorologist of the Navy Department, was 
given an appropriation by Congress, and was directed to cooperate 
with the Smithsonian Institution. Henry and Espy then formulated 
plans for establishing a large number of observing stations scattered 
over the entire country. These stations were of three classes: 

1. Stations without instruments, where observations were made 
of frost, cloudiness, the direction of the wind, and the time of beginning 
and ending of rain. 

2. Stations supplied with thermometers, where in addition to the 
above the daily maximum and minimum temperatures were recorded. 

3. Stations equipped with full sets of instruments, consisting of 
barometer, thermometers, hydrometer, wind vane, and snow and 
rain gage. 

These instruments were all standardized. In February, 1849, a 
call for voluntary observers was sent out and 412 responded, 143 of 
whom had formerly worked under Espy's direction. This is the real 
origin of the United States Weather Bureau. The work was almost 
totally discontinued during the Civil War, and in 1865 many valuable 
records and instruments were destroyed by fire, but the importance of 
the service had been too clearly shown to allow the work to be dis- 
continued. 

In 1870 Congress passed a joint resolution placing the work under 
the direction of the Chief Signal Officer of the United States Army. 
Later by act of Congress, approved October 1, 1890, the work was 
reorganized as the Weather Bureau and placed under the U. S. Depart- 
ment of Agriculture. All meteorological records previously taken 
were transferred to the new bureau. 

There are a number of observing stations in the United States 
which were established and conducted by private individuals prior to 
1846, when the Smithsonian Institution undertook the work. The 
long time records of these isolated stations when supplemented by 
the later records are of great value in determining the frequency of 
storms of different degrees of intensity. 

* Report of the Smithsonian Institution, 1846. 
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As stated above, the Smithsonian Institution records are incom- 
plete prior to 1865, but after that year there are no serious interrup- 
tions. A large number of new stations, made possible by the more 
generous appropriations, were established between 1870 and 1875 by 
the Army Signal Service. There are now about 200 so-called Regular 
Weather Bureau Stations. These are the most important and com- 
pletely equipped stations of the service, each one representing a 
territory of about 15,000 square miles. Observations are taken daily 
at 8 a. m. and 8 p. m., 75th meridian time, by trained observers 
employed by the Weather Bureau. There is a continuous recording 
attachment to the rain gage, by which it is possible to determine the 
rate of precipitation and the total for the storm at any time. By this 
means it is possible to compute the precipitation from midnight to 
midnight, and it is this figure which appears on the reports. In addi- 
tion to the regular Weather Bureau stations, the service includes 
about 4500 cooperative stations throughout the United States, oper- 
ated by volimtary observers. These stations are equipped with fewer 
instruments than the regular stations, but those used are tested and 
are of the same high grade. The rain gages do not give a continuous 
record of the precipitation. Observations are made once each day 
at about 8 a. m. or 8 p. m., 75th meridian time. 

The Weather Bureau also maintains so-called Biver Stations, 
where river gage readings are taken; these generally perform the 
functions of the cooperative stations also. The records for many of 
the stations are incomplete for one or more years, due to various causes, 
but these interruptions of the service at individual stations are of 
slight importance when the records for all the stations are considered. 

In 1883 cooperative stations, known as Cotton Stations, operated 
by voluntary observers, began to be established in the cotton growing 
sections; observations are made daily at 8 a. m., 75th meridian time, 
during the crop growing season. In 1896 similar service was extended 
to the corn and wheat sections. Observations are not made at these 
stations during the winter months from November to April, and for 
this reason the data taken at such stations has not been of much 
value in these investigations. 

EXISTING WEATHER BUREAU RECORDS 

The records of the Weather Bureau available at Washington, 
D. C, and consulted for this investigation are as follows: 

I. Smithsonian Institution Records: About 400 volumes. All 
records prior to 1873 except military records, taken principally during 
the period from 1848 to 1873; bound by months, each volume con- 
taining the data for all the stations in the United States for one month. 
Voluntary observers. 
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II. Military Station Records: (1) Original monthly reports from 
1843 to 1859 for all the miUtary posts in the United States; about 32 
volumes. The data for each station for one year is together, 2 volumes 
containing the data for all the stations for each year. (2) Copies of 
the original reports from 1860 to 1892; about 600 volumes. The 
originals were kept at the posts and copies sent to Washington from 
time to time. Each volume contains the complete record for one 
station from 1860, or from date of establishment if after 1860, to 1892. 

III. Compiled Data from 1860 to Date: About 36 volumes, bound 
by states, contain the data for each station bound together for the period 
from 1860, or from the date of establishment if after 1860, to 1891. 
Another set of volumes contains compiled data for regular Weather 
Bureau, cooperative, and river stations, generally for the period 
subsequent to 1891. The records for one month for all the stations 
in a given state appear together. 

IV. Regular Weather Bureau Station Records: Original monthly 
reports (daily observations) of the regular stations from 1872 to date, 
bound as follows: From 1872 to 1887, for each month there is one 
voliune containing the daily observations for all the stations in the 
United States; from 1888 to date, for each year there are 10 to 12 
volumes containing the daily observations for all the stations in the 
United States, the stations being arranged alphabetically, and the 
records at each station for the year appearing together. 

V. Data Compiled from the Records of the More Important 
Regular Weather Bureau Stations: Daily precipitation figures are 
for periods from midnight to midnight. (1) From 1871 to 1902 the 
data for stations A to K is arranged alphabetically and bound in 10 
volumes; data for stations L to Z was never compiled. The data for 
each station for the whole period is bound together. (2) From 1871 
to 1891 the data is arranged alphabetically by stations and bound in 
6 volumes. The data for each station for the whole period is bound 
together, each page containing the summarized data of one station for 
one year. 

VI. Voluntary Observers' Records: Original monthly report 
sheets, showing daily precipitation from 1874 to date, bound as 
follows: (1) From 1874 to 1888, about 285 volumes; the data for the 
whole period for any given station is together, and the data for each 
state is arranged alphabetically according to station name. (2) From 
1889 to 1892, about 60 volumes; the data for one year for any given 
station is together and the stations in each state are arranged alpha- 
betically. (3) Subsequent to 1892, about 350 volumes; the data for 
a period of 3 years for any given station is together and the stations 
in each state are arranged alphabetically. There are about 50 volumes 
for each 3-year period. 
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VII. River Station Records: Original monthly report sheets, 
showing daily precipitation from 1880 to date. Data from 1880 to 
1910, about 80 volumes, bound as follows: The data for the i?vhole 
period at any given station is together, arranged alphabetically 
according to station name. 

VIII. Cotton Station Records: Original monthly report sheets, 
showing daily precipitation from 1883 to date; about 24 volumes; 
bound by states. 

IX. Com and Wheat Station Records: Original monthly report 
sheets, showing daily precipitation from 1896 to date; bound by 
states. 

X. The Monthly Weather Review and Climatological Data, two 
monthly publications of the Weather Bureau, were also referred to. 

COMPILATION OF SUMMARY OF EXCESSIVE PRECIPITA- 

TOIN FOR ENTIRE UNITED STATES 

From all the data in existence concerning storms in the United 
States, down to December 31, 1914, the precipitation records were 
copied, as part of the Miami Valley flood prevention studies, at the 
Weather Bureau in Washington, D. C, for all storms exceeding a 
certain intensity. 

At the outset it was manifestly inadvisable to undertake the work 
of making a complete copy of all the precipitation records available 
at the Weather Bureau at Washington. Fortunately, the data is of 
such a nature and is in such shape that it is not an especially diflScult 
operation to abstract only that part which is pertinent to the investi- 
gation in which it is to be used. 

Before the abstraction of the data was begun it was necessary to 
determine as far as possible the uses to which it might later be put. 
The entire investigation is concerned primarily with rainfalls of such 
intensity, duration, or extent as to endanger Ufe or cause damage to 
property, and consequently only the records of relatively unusual 
precipitation were of interest. One of the principal objects of the 
investigation is to determine the frequency with which a damaging 
storm may be expected to occur in a given location. 

From the foregoing considerations it was determined to consult 
the record of each station throughout the entire United States and to 
abstract all the precipitation records exceeding an arbitrarily fixed 
minimum. In determining this minimum it was necessary to have in 
mind that a sufficient number of greater values should be available 
to make frequency determinations possible for these excessive pre- 
cipitations, and yet the minimum should be great enough to avoid 
having to copy a large amount of data, of which no later use would be 
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made- In each instance the record for the entire period of ( 
precipitation was copied. This often extended over a nu: 
days. It will be observed that this method of collecting e 
precipitation does not take into account the area over which 
have occurred. 

Definition of Excessive Precipitation 

Excessive precipitation is defined, for the purpose of this it 
gation, as follows; 1. Where the normal annual precipitation 
inches or more, (a) a 1-day rainfall at one station amounting to 1 
cent or more of the normal annual precipitation; or (b) a total 
fall at one station amounting to 15 per cent or more of the noi 
annual precipitation, regardless of the number of days in the perio 
excessive precipitation, so long as the average rainfall for the pei 
is not less than 1 inch in 24 hours. 2. Where the normal annual rs 
fall is less than 20 inches, a total rainfall of 4 inches or more, regardl 
of the length of the period, so long as the average rainfall for t 
period is not less than 1 inch in 24 hours. 

As there is little or no precedent for an investigation of this natur 
it was difficult to determine beforehand just what limits to choose an 
the methods to be pursued in abstracting the data. A percentage o 
the normal annual rainfall at each station, as the limit above whicl 
all rainfall records were to be copied, was selected because it was 
thought a fairly definite and constant relation might exist between 
unusual records of precipitation and the normal annual rainfall at 
any station. If this were true, the number of values recorded in the 
different quadrangles above the Umits chosen would vary approxi- 
mately as the aggregate years of record of all the stations in the several 
quadrangles, regardless of the normal annual precipitation in the 
latter. This relation has proved to be much less marked than was 
anticipated, and the result is that for some quadrangles a super- 
abundance of records were copied, while for others too few were 
abstracted. In general, the greatest number of records above the 
limits assumed occur in those sections of the country where the normal 
annual rainfall is greatest, that is along the southern Atlantic and Gulf 
of Mexico. The fewest number of records above the limits chosen 
occur in the sections where the normal annual rainfall is least, that is 
in the Green Mountains and Adirondack region, along the northern 
border of the United States, and in the three tiers of quadrangles 
between the 97th and 103d meridians. 

Another undesirable element was introduced by choosing a per- 
centage of the normal annual rainfall as the lower limit of values to 
be abstracted. Such a procedure means that, since the normal annual 
5 
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rainfall is different at every station, the constant percentages of 10 
and 15 are also different. This varying lower limit proved to be very 
inconvenient in using the data for frequency studies, as will be ex- 
plained later. A much more simple criterion for choosing the data 
to be abstracted, and one which would have faciUtated the later use 
of it, would have been to select arbitrary values, above which all data 
should be copied at all the stations in a region over which rainfall 
conditions are relatively constant. Thus that part of the United 
States, east of the 103d meridian, could have been divided into four 
or five districts over each of which rainfall conditions are sufficiently 
constant to warrant treating in this manner. 

By the criteria chosen, that is all values for 1-day rainfall above 
10 per cent of the normal annual, and for 2 or more days' rainfall 
above 15 per cent, approximately the same number of values were 
found for 1-day and for 5-day and 6-day precipitation, but there was a 
decided scarcity of values in many quadrangles for the 2-day, 3-day, 
and 4-day periods. This was especially noticeable in the extreme 
northern and western quadrangles, where the rainfall is frequently- 
violent but generally limited in duration to one or two days. In the 
western and northwestern quadrangles there are relatively few sta- 
tions, and these are of short duration, hence it was especially desirable 
to obtain as complete data as its character would make possible. 
These objects could have been accomplished by fixing arbitrary values 
for the several days, above which records were to be copied from all 
the stations throughout the region in question. 

Records were abstracted for only such stations as had a complete 
record for 5 consecutive years. An exception to this rule was made 
of stations which were established in 1910, and had complete records 
to date of search. 

COMPUTING MAXIMUM ACCUMULATED PRECIPITATION 

Specially prepared blanks, as illustrated in figure 6, were used for 
abstracting this data. A separate sheet was made out for each station 
which has a complete record for 5 consecutive years (with the addi- 
tional stations noted above), regardless of whether or not a period of 
excessive precipitation had been recorded. This was done so that 
the record would show positive evidence that no excessive precipitation 
data had been overlooked. 

From the summarized data of the Weather Bureau the blanks at 
the tops of these excessive precipitation sheets were filled in for all 
the stations whose periods of observation came up to the requirements. 
To insure the accuracy of this operation it was checked by reading 
back to the summarized data. Later the daily precipitation records 
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for these stations were carefully searched and the record abstracted 
for all periods of excessive precipitation whose intensity attained the 
adopted minimum severity. 

The figures in the upper left-hand corner of the sheet following 
Estab. indicate the year and month in which the station was first 
established. For a large number of the stations continuous records 
are not available for the entire period since the station was first estab- 
lished. In many cases this is due to interruptions in the service of 
making observations; in other cases the records were lost or destroyed 
before or after reaching Washington. The years for which complete 
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FIG. 6.— FORM USED IN COMPILING EXCESSIVE PRECIPITATION 

DATA. 



continuous rainfall records are available are written directly beneath 
the year and month of first establishment. The years during which 
the station was in existence, but during a part of which the rainfall 
records are either fragmentary or entirely wanting, are shown in 
parenthesis to the right. 

In abstracting the excessive precipitation data it was found that 
the years of complete precipitation record, as shown by the sum- 
marized data and copied at the top of the sheets, did not always agree 
with the actual records on file, and it was necessary to correct the 
period of complete record to correspond with the data on file. This 
discrepancy occurred chiefly in the early records, that is, records prior 
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to 1893. All the records prior to that time were carefully checked to 
eliminate the errors that would otherwise have entered as to the 
length of complete record. After shnilarly checking the periods of 
complete record after 1893 for stations whose names begin with the 
letters from N to Z, it was discovered that very few errors existed, 
and consequently this check was not performed for the period 1893 
to 1914 for stations whose names begin with the letters from A to M. 

The mean annual precipitation was taken directly from the Weather 
Bureau records in cases for which it had been computed; where this 
had not been done, it was taken from the map, figure 5, showing lines 
of normal annual rainfall. When taken from the map and not com- 
puted from the record it is shown in parenthesis, thus: (35-40) 
or (35±). 

Under the heading Daily Precipitation in Inches are 10 columns. 
-Beginning with the first of these columns on the left, the figures 
indicate the- amount of precipitation on the first day of each storm, 
followed in the succeeding columns by the figures for the successive 
days in order. A dash ( — ) shows that no precipitation occurred at 
that station on the day in question. An asterisk (*) indicates that 
the precipitation for that day is included in the figure next to the 
right of it, the latter being the precipitation for its day and the day 
or days marked by the asterisk. It was necessary to use this, since 
the total precipitation for two or more days was frequently recorded 
without giving the amounts for the separate days. The work of 
filling in these columns was not in general completely checked by 
reading back to the original data. Such a complete check was begun, 
but so few errors were discovered after spending several days checking, 
it was decided to discontinue it. A further reason for not verifying 
each figure is the obvious one that an error is not cumulative, but 
can affect only the period of excessive precipitation in which it occurs. 

The maximum accumulated precipitation provided for on the 
blank form was computed as follows: The maximum 2-day precipi- 
tation is the maximum for 1 day plus that for the day preceding or 
following (depending on which amount is the larger), and the maxi- 
mum 3-day precipitation is the 2-day maximum plus that for the day 
preceding or following. In the last column to the right is recorded 
the total rainfall for the entire period of excessive precipitation. For 
some purposes the maximum accumulated precipitation was desired 
for periods of 4, 5, and 6 days. As the prepared form provides only 
for periods of 1, 2, and 3 days, the figures for the longer periods were 
placed consecutively from right to left in the final columns under the 
heading of Daily Precipitation in Inches and just above any figures 
which might already be in these columns. The maximum accumulated 
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precipitation for periods of 1 to 6 days, and the total rainfall for the 
entire period of excessive precipitation were completely checked to 
insure their accuracy. In this way excessive precipitation records 
were copied and maximum accumulated precipitation computed for 
4316 stations, of which 1262 stations are west of, and 3054 east of 
the 103d meridian. The record contains on the average about ten 
excessive precipitation periods for each station. No use has yet been 
made of the data for the stations west of the 103d meridian. All of 
Ihe subsequent discussion relates solely to the territory east of that 
line. 

INDEXING THE DATA 

To make this data ready for use, the following method of indexing 
the sheets was adopted. The United States is divided into 2-degree 
quadrangles, bounded by the odd degree meridians and parallels. 
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FIG. 7.— NUMBER OF STATIONS USED IN STUDYING EXCESSIVE 

PRECIPITATION. 

The upper figure, in each quadrangle, shows the number of stations whose 
storm records are abstracted on the summary of excessive precipitation sheets. 
The lower figure shows the number of such stations still in existence at the end of 
1914. 
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The north and south rows of quadrangles are numbered consecutively 
from east to west, and the east and west rows of quadrangles are 
lettered consecutively with capital letters from north to south. Cach 
quadrangle is thus identified by a coordinate number and letter. 
The rows of quadrangles, properly numbered and lettered, are shown 
on the map, figure 7, and on numerous subsequent maps in this repK>rt. 
On a large scale outUne map of the United States, divided into 
quadrangles as above, each rainfall gaging station was located by a 
dot. In order to identify the various stations within a quadrangle 
an index letter was placed beside each station, beginning in the 
northeast corner and progressing toward the southwest comer of the 
quadrangle, lower case letters of the alphabet being used. When 
there were more than 26 observing stations in one quadrangle, double 
index letters were used, as aa, ab, etc., and if necessary ba, bb, be, etc. 
These outline maps were later used repeatedly in the construction of 
storm maps, and consequently it was deemed advisable to check 
carefully the location of all the gaging stations. These maps are not 
reproduced in this report on account of the large scale necessary to 
show the individual stations. In the upper right hand comer of the 
excessive precipitation sheet for each station was placed the quadrangle 
number and its index letter, for example IS-G-m. This enabled the 
sheets to be assembled, first, by quadrangles, and second, with index 
letters in alphabetical order. Thus the records for all the stations in 
any quadrangle are together, arranged in the order of the station 
index letters from the northeast to the southwest corner of the quad- 
rangle. 

VARIATION IN NUMBER AND DURATION OF RAINFALL 
RECORDS FOR DIFFERENT QUADRANGLES 

Figure 7 is a map of the United States east of the 103d meridian. 
The number in the upper part of each quadrangle is the number of 
stations in that quadrangle the excessive precipitation records of 
which were abstracted on the form shown in figure 6. The lower 
figure in each quadrangle shows the number of these stations that 
were still being continued at the close of the year 1914. Stations 
estabUshed subsequent to 1910 are not included in either case. The 
lower number is obtained from the upper number by deducting all the 
stations which had been discontinued. 

Along the international boundaries and coast Unes a number of 
fractional quadrangles contain so few rainfall stations that it has 
seemed advantageous in the compilation and subsequent study to 
join their records to those of adjacent quadrangles. Where such 
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has been done, an arrow drawn on figure 7 points to the quadrangle 
to which the records have been joined. 

Neglecting fractional quadrangles, figure 7 shows that the number 
of stations whose records have been used varies from 75 for quadrangle 
3— D containing most of Massachusetts, Rhode Island, and Connecti- 
cut, and for quadrangle 5-E containing Philadelphia and Baltimore, 
to 5 and 6 stations for quadrangles along the 103d meridian. In 
general the number of station records available is somewhat pro- 
portional to the density of the population. Leaving out the fractional 
quadrangles, the average number of records per quadrangle is 25. 

Not only do the number of rainfall records vary greatly in different 
parts of the country but the periods during which records were taken 
at a given station vary through as wide a range. Figures 8 to 12 are 
diagrams showing graphically the periods of time covered by complete 
records for all the stations in certain selected quadrangles. The 
records for 45 quadrangles were plotted in this way, from which the 
17 shown have been selected to show the range and nature of the 
variation. The record for each station appearing on each of these 
charts was taken from the excessive precipitation sheet for that 
station. 

Figure 8 shows the available records for quadrangle 3-D including 
most of Massachusetts, Rhode Island, and Connecticut, with the 
maximum number of stations, 75, and in contrast with it, those for 
quadrangle 4-C, covering the Adirondack region and containing rel- 
atively few stations. Figure 9 shows the records in three quadrangles, 
that including Dayton in southwestern Ohio, the one inmiediately to 
the west of it in Indiana, and one in the mountainous region of Ken- 
tucky to the south. Figures 10, 11, and the upper portion of figure 
12 cover the row of quadrangles, 12-B to 12-J beginning in northern 
Wisconsin and running south down the Mississippi valley to the Gulf. 
The great variation of records with latitude and density of population 
is graphically shown. Quadrangles 15-E, 15~G, and 15-J in figure 12 
typify the nature of the records in the western part of the region 
studied. 

CARD INDEX OF EXCESSIVE PRECIPITATION PERIODS 

To bring together the data taken at all stations during a single 
period of excessive precipitation, a separate card 4 by 6 inches, was 
prepared for each such period which has occurred since 1870. The 
data for periods of excessive precipitation prior to 1870 was not com- 
piled in this manner because of the paucity of recording stations and 
their irregular distribution. The data on these cards taken from the 
excessive precipitation sheets shows, for each period of excessive 



MIAMI CONSERVANCY DISTRICT 




FIG. 8.— PERIODS OF RECORD OF STATIONS IN QUADRANGLES 
3-D AND 4-C. 
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FIG. 9.— PERIODS OF RECORD OF STATIONS IN QUADRANGLES 

9-E, 9-F, AND lO-E. 
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FIG. 10.— PERIODS OF RECORD OF STATIONS IN QUADRANGLES 

12-B, 12-C, 12-D, AND 12-E. 
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FIG. 11.— PERIODS OF RECORD OF STATIONS IN QUADRANGLES 

12-F, 12-G, 12-H, AND 12-1. 
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FIG. 12.— PERIODS OF RECORD OF STATIONS IN QUADRANGLES 

12-J, 15-E, 15-G, AND 15-J. 
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precipitation, the quadrangles, dates of observations, and total pre- 
cipitation at each station during such period. The card index so 
compiled includes a total of 2641 periods of excessive precipitation, 
which occurred during the years 1870 to 1914 inclusive. 

The cards were next separated into three classes, and each class 
was arranged in chronological order as follows: (a) Cards which con- 
tain only 1 station record, indicating storms with excessive pre- 
cipitation areas so small that only 1 station was included. These 
cards number 1236 or nearly 50 per cent of the total. On account of 
the restricted storm areas which they represent no further use has 
yet been made of them, (b) Cards on which records from more than 1 
but less than 6 stations appeared. These number 996 or over 35 per 
cent of the total, and represent comparatively local storms, (c) The 
remaining 409 cards, about 15 per cent of the total number, represent 
storms for which 6 or more stations reported excessive precipitation. 
They approach general storms in their characteristics, and to the 
heaviest of them extensive subsequent study was given, as described 
in the next chapter. Table 2 shows the number of storms in each 
class recorded for each year from 1871 to 1914. 

Table 2. — ^Total number of rainfalls causing excessive precipitation, recorded in 
eastern United States at 1 station, at 2 to 5 stations, and at 6 or more stations, from 
1871 to 1914 inclusive. 



1 


2 


3 


4 


5 


1 


2 


3 


4 


5 


Year 


Storms Recorded at 


Total 

Number of 

Storms 


Year 


storms Recorded at 


Total 

Number of 

Storms 


1 
Station 


2 to 5 

Stations 


6 or 

More 

stations 


1 

Station 


2 to5 
Stations 


6 or 

More 

Stations 


1871 

1872 

1873 

1874 

1875 

1876 

1877 

1878 * 

1879 

1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 


20 
16 
24 
29 
25 
35 
30 
27 
32 
29 
29 
39 
33 
32 
22 
28 
19 
31 
26 
26 
22 
27 


3 
13 

8 
13 
20 
17 
19 
16 
13 
23 
11 
11 
11 
16 
13 
12 

7 
14 
21 
20 
18 
28 






1 
1 

1 
1 

3 
2 
2 
3 
3 
1 
1 
2 
1 
3 
4 
3 
4 
8 
6 


23 
29 
32 
43 
46 
53 
50 
46 
47 
54 
43 
53 
45 
49 
37 
41 
29 
49 
50 
50 
48 
61 


1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 


23 
30 
24 
19 
32 
38 
17 
37 
28 
26 
29 
38 
35 
33 
40 
30 
19 
24 
22 
32 
36 
23 


^4 
19 
31 
32 
33 
31 
30 
31 
23 
33 
22 
29 
39 
30 
30 
41 
29 
31 
29 
41 
32 
29 


2 
7 
8 
16 
12 
16 
17 
24 
13 
25 
22 
14 
25 
20 
16 
18 
21 
10 
21 
16 
15 
21 


49 
66 
63 
67 
77 
85 
64 
92 
64 
84 
73 
81 
99 
83 
86 
89 
69 
65 
72 
89 
83 
73 












Totals . . 


1236 


996 


409 


2641 
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Table 2 shows that the total number of periods of excessive pre- 
cipitation recorded yeariy between 1874 and 1891 is fairly uniform* 
The years 1892, 1893, and 1894 show a tendency toward an increase 
and appear to be years of transition, and again from 1895 to 1914 the 
yearly totals are fairly uniform but appreciably greater than during 
the first named period. The effect of the number of observing stations 
on the number of excessive precipitation records is reflected in columns 
4 and 5, but less so in columns 2 and 3. The explanation is that prior 
to 1892 the sparsity of stations was such that it was rare for even a 
large storm area to cause excessive precipitation at as many as 6 
stations. This accounts not only for the small number of storms 
listed in column 4 prior to that year, and for the total absence of 
records of such storms during the years 1871, 1872, and 1873, but 
coincidently operated in placing many such storms in the 1-station 
and 2 or more station classes, thus swelling the figures in columns 
2 and 3 out of normal proportion. It is therefore Igtrgely accidental 
that the number of storms in column 2 varies but Uttle. It is fair to 
presume that the later figures in column 2 represent almost solely small 
area storms, such as thunderstorms, while the earlier figures include 
both this type and the storm covering larger areas. 

It appears to be satisfactory for purposes of comparison to separate 
the records into two 20-year periods; the first period embracing years 
from 1875 to 1894; the second period from 1895 to 1914. Table 3 
shows the results of comparing the two groups. 



Table 3. — Comparative number of storms recorded in various classes east of 
the 103d meridian during the two 20-year periods 1875-1894 and 1895-1914. 



storms Causing Excessive 
Fredpitatlon at 


Years 

1875 to 1894 

Average 

Number 

per Year 


Years 1895 to 1914 


Average 
Number 
per Year 


For Minimum 
Year 


For Maximum Year 


Number 


Year 


Number 


Year 


1 station only 


28 

17 
.3 


29 
31 

18 


17 
22 

8 


1899 
1903 
1895 


40 
41 
25 


1907 
1908 & 1912 
1902 & 1905 


2 to 5 stations 


6 or more stations 


Total 


50 


78 


63 


1895 


99 


1905 





The conclusions which it. is possible to draw from the card index 
of periods of excessive precipitation are somewhat meager. The 
anticipation was that the card index would furnish conclusive evidence 
of the relative sizes of different storms, and that it would place the 
excessive precipitation data in much more convenient shape for mak- 
ing frequency and seasonal studies. None of these objects was 
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realized. The only record shown at any station for a period of ex- 
cessive precipitation is the total rainfall for the entire period. The 
length of this period, as well as the dates over which it extends, varies 
at each station. As a consequence so many variables are introduced 
that any comparison or use of the data except in the most general 
way is Ukely to be very misleading. 

The foregoing study as to the number of excessive precipitation 
records in different storms, and the manner in which these have 
varied since 1871, is the most important use made of the card index. 
It is probable that the computations for this study could have been 
compiled in a less laborious manner. The compilation of this card 
index is an example of the difficulty in foreseeing the obstacles which 
may arise to prevent the use of compiled data in the manner originally 
intended. 



CHAPTER v.— FREQUENCY OF EXCESSIVE 

PRECIPITATION 



RELATION BETWEEN STORMS AND EXCESSIVE 

PRECIPITATION 

From the definition given in the preceding chapter it is apparent 
that the records of excessive precipitation include intense rainfalls 
occurring during local cloudbursts as well as those occurring in general 
cyclonic storms. Table 3 shows that about 50 per cent of the excessive 
precipitation data was recorded at single stations, indicating heavy 
rains or cloudbursts over probably small areas. About 35 per cent 
of the data covers storms which caused excessive precipitation at 
from 2 to 5 stations; and about 15 per cent represents storms causing 
excessive precipitation at 6 or more stations. 

It is also shown in chapter IV that prior to 1895 the sparsity of 
stations was such that only very large storms were recorded at as 
many as 6 stations. It may be argued from this that many of the 
so-called local storms were, in fact, of wide extent, and that the great 
distance between observing stations failed to bring out the full extent 
of area covered by their high rates of precipitation. Whatever doubt 
there may be as to the applicabiUty of such reasoning to the 1-day 
and 2-day excessive precipitation records, there is small doubt that it 
does apply to 3-day records, and with increasing force to 4, 5, and 6- 
day records. Local thunderstorms are of short duration, rarely 
lasting over a consecutive period covering portions of two calendar 
days. On the other hand a 3-day or longer period of rainfall of great 
intensity is most often an indication of heavy rains over extensive 
areas. Exceptions are local thundershowers falUng on successive 
days in the same locality. 

The various aspects of 160 great storms in the eastern United 
States during the 25-year period 1892-1916 will be presented in sub- 
sequent chapters. Each of these storms was selected in the first place, 
and later carefully analyzed, by considering th6 three factors which 
determine its size, namely, depth of precipitation, duration, and area 
covered. The relative importance of these three factors may vary 
greatly, depending on the other conditions which may enter. On a 
large watershed, great depths of precipitation over small areas are of 
little consequence; on a very small watershed, such as is ordinarily 

80 
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considered in the design of sewer systems, the storm area covered 
can be ignored and the attention confined to the maximum depth and 
duration of rainfall. It is on these two factors of time and depth 
that the attention is concentrated in the study of excessive precipita- 
tion, as contrasted with the investigation of the 160 great storms in 
which the third factor, area, occupies an important place. 

DETERMINING THE FREQUENCY OF EXCESSIVE 

PRECIPITATION 

The word frequency when applied to meteorological phenomena 
of irregular occurrence is best defined as the number of times, within a 
selected period of years, that a particular phenomenon has taken place. 
Dividing the period by the number of such happenings, the quotient 
obtained is the average length of time in years during which the phe- 
nomenon has happened once. This average number of years is also , 
though less accurately, spoken of as the frequency of the phenomenon. 
In the latter sense it is used in this chapter in discussing excessive 
precipitation of a certain defined intensity, and also in chapter VII 
in speaking of the occurrence of 160 great storms. Whatever sig- 
nificance may attach to it, the reader is cautioned not to construe it 
to mean a regular or stated interval of occurrence or recurrence, which 
is its accepted meaning in certain branches of science. 

It is obvious that the value of any frequency determination depends 
primarily upon the length and amount of reliable records available. 
Unfortunately, long rainfall records in the United States are rather 
the exception than the rule. To have confined these studies to their 
use would have imposed Umitations that would have effectually barred 
large sections of the country from consideration for lack of adequate 
lengths of records. In order to utilize all existing records that pos- 
sessed any value, even though they differed materially in length, a 
method was adopted which may be explained as follows: 

Let us assume a number of rainfall stations, say five for convenience 

of illustration, located within an area possessing uniform rainfall 

characteristics. At station A complete records have been kept for a 

period of 70 years; at station B, for 40 years; at station C, for 60 

years; at station D, for 80 years; and at station E, for 50 years, the 

aggregate of the period of record being 300 years. Treating this 

aggregate as a single record for the area under consideration, we may, 

by the above definitions of frequency, say that the highest rainfall 

intensity recorded in the entire period has occurred with a probable 

frequency of once in 300 years. Likewise the second highest intensity 

has been equaled or exceeded on an average of once in 150 years, and 

the third highest rainfall intensity has been equaled or exceeded on an 
6 
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average of once in 100 years. The process is capable of indefinite 
expansion, being limited only by the amount of data at hand. Thus 
the sixth highest rainfall intensity would have been equaled or exceeded 
on an average of once in 50 years; the twelfth highest, once in 25 
years; and the twenty-fourth highest, once in 16 years. In this 
way the individual experiences of the observing stations in the given 
area are combined to give a weighted average, which may be regarded 
as the probable average experience for any one point within that area. 
To illustrate with an actual case, we may take the quadrangle of 
the earth's surface bounded by the 39th and 41st parallels and the 
83d and 85th meridians, in which the Miami River valley is located, 
and which for convenience of reference has been designated as 9— E. 
This quadrangle contains 28 rainfall stations with an aggregate period 
of record of 713 years, no stations having less than 10 whole years of 
observations being included. To ascertain what 24-hour rainfall 
intensity has been equaled or exceeded, on an average, once in 100 
years, at any point in this quadrangle, select from the aggregate 
record the 7 greatest 24-hour intensities, and the least of these is the 
desired rainfall intensity. Arranged in order of magnitude the figures 
are as follows: 

Greatest 1-day Precipitatioii Records in Quadrangle 9-E. Aggregate period of record- 

713 years 

1. Newport Barracks, Ky., May 24-25, 1858 6.35 inches 

2. Urbana, Ohio, September 18, 1866 6.20 " 

3. Cincinnati, Ohio, June 17-18, 1868 6.00 " 

4. Urbana, Ohio, June 15, 1868 5.95 " 

5. Bellefontaine, Ohio, March 25, 1913 5.61 

6. CoUege HiU, Ohio, June 18, 1875 5.50 

7. North Lewisburg, Ohio, September 27-28, 1884 5.40 

8. Newport Barracks, Ky., August 14, 1850 5.40 



n 

€t 
It 
(t 



THE PLUVIAL INDEX 

From the foregoing table it appears that an intensity of 5.40 
inches in 1 day has been equaled or exceeded, and is therefore likely 
to be equaled or exceeded in future years, on an average, once in 100 
years at any point in quadrangle 9-E. This is not to be regarded as 
an accurately fixed quantity, but rather as an indication of what may 
be expected. On this account, and for greater convenience of refer- 
ence, the figure 5.40 has been called the pluvial index for quadrangle 
9-E, corresponding to a 100-year period and a 24-hour rainfall in- 
tensity. How much this pluvial index is likely to vary may be 
judged from an inspection of the figures preceding and succeeding it 
in the above table. In this particular case the eighth figure also 
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happens to be 5.40 inches. Arithmetically, this eighth figure would 
correspond to a period of 713 divided by 8, or nearly 90 years, indi- 
cating that in the matter of frequency a rainfall of 5.40 inches on the 
basis of present records may be equaled or exceeded, on an average, 
once in from 90 to 100 years. 

By a similar process the pluvial index is obtained for the 2 days, 
3 days, 4 days, 5 days, and 6 days of greatest precipitation in a 100- 
year period, for the same quadrangle, as follows: 

Greatest 2-day Precipitation Records in Quadrangle 9-E. 

1. Richmond, Ind., March 24-25, 1913 9.47 inches 

2. BeUefontaine, Ohio, March 25-26, 1913 7.74 " 

3. WaynesviUe, Ohio, October 5-6, 1910 7.68 " 

4. Jacksonburg, Ohio, October 5-6, 1910 7.50 " 

5. Urbana, Ohio, June 15-16, 1868 7.32 " 

6. CoUege HiU, Ohio, September 4-5, 1864 7.25 " 

7. Cincinnati, Ohio, March 12-13, 1907 7.19 " 

8. Kenton, Ohio, August 1-2, 1875 6.96 " 

Greatest 3-day Precipitation Records in Quadrangle 9-E. 

1. Richmond, Ind., March 23-25, 1913 ^ 10.35 inches 

2. BeUefontaine, Ohio, March 24-26, 1913 9.26 " 

3. Urbana, Ohio, June 15-17, 1868 8.41 " 

4. Kenton, Ohio, August 25-27, 1871 8.25 " 

5. Marion, Ohio, March 24-26, 1913 8.23 " 

6. Camp Denison, Ohio, March 12-14, 1907 7.93 " 

7. Waynes.viUe, Ohio, October 5-6, 1910 7.68 " 

8. Dayton, Ohio, March 24-26, 1913 7.67 " 

Greatest 4-day Precipitation Records in Quadrangle 9-E. 

1. Richmond, Ind., March 23-26, 1913 11.11 inches 

2. BeUefontaine, Ohio, March 23-26, 1913 10.63 " 

3. Marion, Ohio, March 23-26, 1913 9.61 " 

4. GreenviUe, Ohio, March 23-26, 1913 8.92 " 

5. Kenton, Ohio, August 26-29, 1871 8.87 " 

6. Upper Sandusky, March 23-26, 1913 8.84 " 

7. Urbana, Ohio, June 15-18, 1868 8.71 " 

8. CoUege HUl, Ohio, June 18-21, 1875 8.50 " 

Greatest 5-day Precipitation Records in Quadrangle 9-E. 

1. Kenton, Ohio, August 25-29, 1871 11.37 inches 

2. BeUefontaine, Ohio, March 23-27, 1913 11.16 " 

3. Richmond, Ind., March 23-27, 1913 11.15 " 

4. Marion, Ohio, March 23-27, 1913 10.61 " 

5. Upper Sandusky, Ohio, March 23-27, 1913 10.41 " 

6. GreenvUle, Ohio, March 23-27, 1913 9.33 " 

7. Dayton, Ohio, March 23-27, 1913 8.94 " 

8. Newport Barracks, Ky., March 3-7, 1850 8.82 " 
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Greatest 6-day Precipitation Records in Quadrangle 9-E. 

1. Richmond, Ind., March 21-26, 1913 11.74 inches 

2. Kenton, Ohio, August 25-29, 1871 11.37 

3. BeUefontaine, Ohio, March 23-27, 1913 (5-day) 11.16 

4. Marion, Ohio, March 23-27, 1913 (5-day) 10.61 

5. Upper Sandusky, Ohio, March 23-27, 1913 (5-day) 10.41 

6. Kenton, Ohio, July 28-August 2, 1875 9.96 

7. Greenville, Ohio, March 21-26, 1913 9.52 

8. Dayton, Ohio, March 23-27, 1913 (5-day) 8.94 
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It will be noticed that the great storm of March 1913, which 
covered a vast area, recurs repeatedly, especially for rainfalls of 3 
days' duration and longer. In the list of 1-day precipitation records, 
March 1913 occurs but once; under the 2-day records it appears 
twice; and thence increasingly until, under the 5-day and 6-day rec- 
ords, 6 out of 8 are March 1913 storm records. As compared with 
other storms, that of March 1913 was exceptional in its continued 
heavy precipitation, although it did not cause extraordinarily high 
rates of rainfall over short periods. This fact stands out clearly in 
the foregoing tables. They illustrate that one extensive storm, like 
that of March 1913, even though its occurrence may not be oftener 
than once in a century, is likely to dominate the pluvial index for the 
region affected by it. Since the records of high rates of rainfall utiUzed 
in a study of this kind are about equally divided between isolated 
observations representing local thunderstorms or cloudbursts, and 
observations of storm rainfall covering large areas, the indications 
are that an unbalanced condition such as that here illustrated is not 
likely to occur often. 

From the preceding discussion it will be clear that the determina- 
tion of the pluvial index is subject to certain limitations. As used in 
this chapter it has been expressed to the nearest tenth of an inch, 
greater refinement not being considered warranted with the data now 
available. 

Attention is called to the fact that in the table of 3-day precipita- 
tion, the 7th item of 7.68 inches at Waynesville covers only two dates, 
namely, October 5 and 6, 1910. This is because the entire storm 
duration at that point was recorded on these dates, although the same 
storm at other points extended over a longer period. This treatment 
is in accord with the rules for determining maximum accumulated 
precipitation as explained in the preceding chapter. It is interesting 
to note that in this case the next figure is 7.67 inches at Dayton for 
the 3-day period March 24 to 26, 1913, which differs from the pre- 
ceding by only 0.01 inch. In the list of 6-day precipitation records 
are four where the rain did not exceed 5 days. These are for BeUe- 
fontaine, Marion, Upper Sandusky, and Dayton. 
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By a similar process it is possible to determine the pluvial index 
for periods of 50, 25, and 15 years and for 1-day to 6-day intensities, 
respectively. Thus out of the 713 years of aggregate record, the 14th 
greatest 24-hour rainfall furnishes the 50-year pluvial index; the 
28th, the 25-year pluvial index, and so on. In the latter case, dividing 
713 by 25, the quotient 28.5 indicates that the pluvial index should 
be obtained by averaging the 28th and 29th values. A similar inter- 
polation is required to determine the pluvial index for a 15-year period, 
the correct value lying between the 48th and 49th figures. Inter- 
polation of this kind need not be resorted to except where its omission 
would introduce appreciable errors. 

Broadly speaking, the foregoing method presupposes two con- 
ditions: First, that the rainfall characteristics, especially as regards 
high rates of precipitation, are essentially uniform at all points within 
the area of a 2-degree quadrangle of the earth's surface. Second, 
that there are no permanent or cyclic cUmatic changes affecting the 
occurrence of high rates of rainfall. 

With regard to the first, it is a fact that in fairly level country, as 
for instance in Ohio and the middle west, the variations in rainfall 
conditions within one 2-degree quadrangle are comparatively small. 
The averaging of rainfall records may there be carried^out without 
sensible error; but, where decided differences in elevation exist within 
one quadrangle, a very appreciable range of meteorological conditions 
may have to be averaged. In such a case the resulting pluvial index 
will not be representative of all points within the quadrangle, but will 
favor those portions having the highest rates of precipitation. The 
area of a 2-degree quadrangle in latitude 45 degrees is 14,643 square 
miles, approximately equivalent to that of a circle having a radius of 
69 miles. From this it would seem that serious distortion of the 
pluvial index caused by the coexistence of both very high and very low 
areas within such a compass seldom occurs. 

As to the second assumption, relating to permanent or cyclic 
cUmatic changes, the reader is referred to a discussion of this subject 
in chapter X, from which it will be clear that the results of the method 
here adopted are not subject to material error from this source. 

ISOPHJVIAL CHARTS 

In order to give a clear understanding of the frequency with which 
high rates of precipitation have occurred over the eastern United 
States, a series of 24 maps, called isopluvial charts^ was compiled, 
figures 13 to 36, showing graphically the pluvial index for each of the 
133 two-degree quadrangles east of the 103d meridian. 
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The data was taken from the excessive precipitation sheets, figure 6. 
Since many rainfall stations have been established in recent years, 
the records of which are quite short and would therefore, if included, 
throw too great weight on the comparatively short period represented 
by them, it was decided in the compilation of the 100-year and 50-year 
isopluvial charts to eliminate from consideration all records comprising 
less than 10 years of complete observations. The periods of record 
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FIG. 37.— AGGREGATE YEAES OF RECORD IN EACH QUADRANGLE. 

The figure in each quadrangle represents the sum of the years of record for all 
those stations in the quadrangle for which excessive precipitation records were 
copied. 

considered are not always continuous, but often consist of two or 
more shorter periods aggregating or exceeding 10 years. Reference 
to figures 8 to 12, which show periods of record for rainfall stations in 
representative quadrangles, will serve to illustrate the necessity for 
adopting this rule. A similar rule was adopted in the compilation of 
the 25-year and 15-year isopluvial charts, by which station records 
less than 5 years in length were omitted. 
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The aggregate years of record in each quadrangle, at all stations 
for which excessive precipitation data was gathered, is shown as a 
number in the center of each quadrangle, in figure 37. 

In compiling the data for the summary of excessive precipitation 
sheets, no rainfall depth was considered whose amount was less than 
10 per cent of the mean annual rainfall for a 1-day period, or less than 
15 per cent for a period of 2 or more days. In consequence, it hap- 
pened in several instances that the quotient obtained in dividing the 
aggregate years of record by a small frequency period such as 15 years, 
proved to be greater than the total number of rainfall intensities 
appearing on the excessive precipitation sheets. In such cases the 
pluvial index was obtained graphically by plotting the previously 
computed 100, 50, and 25-year pluvial indices and projecting the 
curve to obtain the 15-year index. 

A separate set of isopluvial charts was made up for each of the 
4 frequency periods, namely, for 15, 25, 50, and 100 years respectively. 
There are 6 charts to each set, one each for 1 day, 2 days, 3 days, 
4 days, 5 days, and 6 days of accumulated precipitation, making in 
all 24 charts, see figures 13 to 36. 

In the center of each quadrangle was written its pluvial index. 
Thus in the 15-year, 3-day isopluvial chart shown in figure 15, the 
number written in each quadrangle denotes the 3-day rainfall intensity 
which may be expected to occur or be exceeded at any point within 
that quadrangle on an average of once in 15 years. 

In order to bring out the variations in pluvial index for different 
sections of the United States, lines were drawn across the charts, 
connecting as nearly as possible all localities having the same pluvial 
index. These Unes, which for convenience of reference have been 
termed isopluvial lines, are shown for successive 1-inch depths of 
rainfall. To illustrate their significance, the 6-inch line on the chart 
showing 15-year, 3-day isopluvial Unes, figure 15, should be interpreted 
as indicating all localities in which a rainfall of 6 inches or heavier in 
3 days may be expected to occur on an average once in 15 years. 

The location and curvature of the isopluvial lines was made the 
subject of careful study. It was felt that their main function should 
be to indicate plainly those variations which, from an inspection of 
all of the 24 charts, appear to be well estabhshed and obvious. Great 
weight was given to the phivial indices of those quadrangles which 
have the greatest lengths of records, and conversely little or no weight 
was attached to local irregularities or apparent inconsistencies in 
pluvial index traceable to paucity of rainfall data. The 15-year charts 
were given greater weight than the 100-year charts, as the former are 
based on nearly 7 times as many records as the latter. For these 
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reasons the location of any one isopluvial line is not necessarily con- 
sistent with all pluvial index figures surrounding it. Moreover, some 
latitude in sketching in the lines resulted from the fact that a pluvial 
index is, by definition, representative of rainfall conditions at any one 
point within its quadrangle, the index figure being merely written in 
the center of the quadrangle for sake of convenience. It is believed 
that the lines as drawn represent the best possible interpretation which 
can be put on the data as at present available. 

INTERPRETATION OF ISOPLUVIAL CHARTS 

It is a matter of common knowledge that the highest rates of 
rainfall in the eastern United States are most frequent along the Gulf 
coast, and that heavy rains are frequent over the lower Mississippi 
Valley, but are rare in the more northern latitudes. These facts are 
brought out prominently by the isopluvial charts, which show a high 
pluvial index along the Gulf coast diminishing rapidly toward the 
interior, except in the Mississippi Valley up which the lines extend 
like the contours on a topographic map. 

Perhaps the most striking feature which all of the charts possess 
in common is the marked decrease in pluvial index with increase of 
latitude. If the eastern United States could be imagined to be of 
uniform elevation, it is probable that the isopluvial lines would run 
nearly due east and west, evenly spaced, with a slight northeasterly 
deflection near the Atlantic Ocean caused by increased atmospheric 
moisture from that source, and conversely a southwesterly trend west 
of the 97th meridian caused by increasing distance from the Gulf. 
The reader should not infer from this that high rates of rainfall owe 
their moisture exclusively to evaporation of ocean waters. Much of 
it is suppUed by evaporation from land surfaces. The isopluvial 
charts appear to indicate, however, that in the distribution of rainfall 
intensities in the eastern United States, latitude is the dominating 
factor. 

DiJBference in altitude is responsible for much variation in pluvial 
index, a decided decrease being noticeable in mountainous regions. 
For instance the Appalachian system is responsible for a pronounced 
southerly deflection in the isopluvial lines. The rapidly increasing 
elevations of the Great Plains region west of the 97th meridian con- 
tribute materially toward decreasing the pluvial index in a westward 
direction. The influence of the Ozark Mountains is plainly indicated 
on all of the charts by the strong southward curvature of the lines. 
In striking contrast are the larger trough-like depressions, like the 
Mississippi and Ohio River valleys. The low area west of the Ozarks 
stands out almost as conspicuously, being accentuated by the rapid 
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decrease in pluvial index to the west of it, and by the loops across the 
low flat lands drained by the Missouri and upper Mississippi Rivers, 
and the Red River of the north. 

The same general tendency, though on a lesser scale, is discernible 
along the Atlantic coast at large estuaries and river valleys. The 
manner in which the data are compiled by 2-degree quadrangles does 
not indicate in sufficient detail the true curvature of the isopluvial 
lines for such localities, and no attempt has therefore been made to 
show these influences except in a generaUzed way. Along the western 
edge of the charts there is a general paucity of rainfall data, the effect 
of which is to cause much inconsistency in the pluvial indices of the 
quadrangles affected. In shaping the most probable courses of the 
isopluvial Unes in this part of the map a wide range of judgment was 
allowed, and it is to be expected that much adjustment in the Unes 
will be found necessary in the future. 

It should not be inferred that excessive precipitation, as represented 
by the isopluvial charts, has the same normal geographical distribution 
as the total normal annual rainfall. Because a given region has a 
high annual rainfall, it does not necessarily follow that it has large 
and numerous excessive precipitation records. This is clearly shown 
by a comparison of the isopluvial charts, figures 13 to 36, and the map 
showing th^ normal annual rainfall of the United States, figure 5. 
The annual precipitation of the mountains of western North Carolina, 
for instance, reaches a maximum of 80 inches, as compared with 40 
to 50 inches for the surrounding lowlands; the pluvial indices for this 
region show no such increase. In fact, they show but a very sUght 
increase on the eastern slope, and a decided decrease on the western 
slope of the mountains. A similar condition prevails to a lesser extent 
in the Ozark Mountains of Arkansas and southern Missouri. The 
comparison just suggested also indicates a very much closer grouping 
and greater depth of excessive precipitation records along the Missis- 
sippi and Ohio Rivers than would be the case if they were proportioned 
in depth and distribution to the normal annual rainfall. 

LIMITATIONS OF ISOPLUVIAL CHARTS 

As may be inferred from the preceding remarks it is a foregone 
conclusion that many of the pluvial index figures shown on the charts 
will suffer modification as the rainfall records on which they are based 
grow in length and number. The extent of modification may, in 
many instances, be forecast with a fair degree of assurance. We may 
expect it to be small for those quadrangles which already contain 
many long records, as for example 3-D which has an aggregate period 
of record of 1508 years, and 5-E which has 1336 years. SUght modi- 
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fications may also be looked for in quadrangles which, though having a 
less number of station records, possess a large percentage of long 
records. For instance, 6-H which has only 4 stations is fairly reliable 
because of the high average length of record which is nearly 28 years. 
On the other hand, the index for a quadrangle like 17-G, which com- 
prises parts of Texas and Oklahoma, and has only 11 stations averaging 
a Uttle over 10 years of record each, cannot be reUed upon with any 
confidence. There are instances among the western quadrangles 
where rainfall records are so few and short that it became necessary 
in making up the charts to include many stations with records less 
than 10 years in length in order to obtain sufficient working data. 
The pluvial indices for such quadrangles are, therefore, subject to 
material ultimate correction and should be used with caution. 

Aside from the variations in accuracy in different parts of any 
one chart, attributable to diJBferences in quality and quantity of rain- 
fall records, it is important to note that the individual charts differ 
from each other in degree of reUabiUty. For it is evident that in the 
process of determining a 15-year pluvial index, for example, a much 
larger number of excessive precipitation observations is utilized, 
thereby assuring correctness of the result within much narrower 
limits, than is the case in determining a 50-year or 100-year pluvial 
index from the same data and for the same quadrangle. As the period 
of recurrence grows longer, the pluvial index becomes progressively 
less accurate. 

Because of these limitations it was deemed advisable to generalize 
the isopluvial lines. This was done consistently, so that even those 
sections of the eastern United States where the abundance of rainfall 
data would have warranted greater detail are treated no differently 
from those sections which are not so well supplied. A uniform degree 
of generalization also was maintained on all of the 24 charts. It is 
beheved that this course is justified, and that a greater refinement in 
the isopluvial lines should not be attempted until rainfall records 
become sufficiently abundant to enable the determination of pluvial 
indices for 1-degree quadrangles or even smaller units of earth's surface. 

RECORDS OF MOST INTENSE RAINFALL 

On the charts, figures 38 to 43, have been assembled the records 
of rainfall of maximum intensity, which appeared on the excessive 
precipitation sheets. As in the isopluvial maps, the data is given 
by quadrangles and for 1, 2, 3, 4, 5 and 6-day periods of rainfall. 
Thus, in figure 38, the number written in any quadrangle represents 
the maximum recorded 24-hour rainfall in that quadrangle. These 
charts, taken in conjunction with figures 13 to 36, show the range of 
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excessive precipitation records used in constructing the isopluvial 
charts. 

As stated in chapter IV, the excessive precipitation sheets were 
made out only for rainfall stations having complete records coArering 
not less than 5 consecutive years, and did not include records subse- 
quent to 1914. Therefore, the data shown in figures 38 to 43 does not, 
in general, include intense rainfalls at stations having less tlian 5 
years of records, nor those which occurred since December 31, 1914. 
Occasional exceptions were made as in the case of the great storm of 
Aug. 17-21, 1915, over Texas and Arkansas, which is responsible for 
the record of 18.6 inches in 24 hours in quadrangle 14-1, figure 39, 
and for the values in this quadrangle and some neighboring quadrangles 
on the succeeding charts. Unfortunately, the charts had been com- 
pleted at the time of occurrence of the great July 1916 storm in North 
Carolina, and its record breaking precipitation does not, therefore, 
appear on them. The records used for platting the storm maps were 
also consulted, and as these included all station records, regardless of 
length of period covered, it follows that an occasional intense rainfall 
figure for a short station record has been used. 

No attempt was made to draw isopluvial lines on the charts of 
most intense rainfall, because of the nature of the data. A careful 
consideration of the erratic nature of precipitation and the many dif- 
ficulties which have attended the observing, recording and publishing 
of rainfall data, as outlined else where in this report, leads to the con- 
clusion that it will require many additional years of rainfall recording 
before even an approximation to dependable regularity will be dis- 
cernible in maximum precipitation data when arranged on charts as 
in figures 38 to 43. It was largely because of this difficulty that the 
necessity arose for providing the isopluvial charts, which furnish in- 
formation less liable to subsequent variation. 

It is felt, nevertheless, that the charts showing intense rainfall 
furnish information of considerable value to the practising engineer 
when interpreted with due regard to the pecuUar nature of the data, 
and when considered in conjunction with the isopluvial index data 
given in figures 13 to 36. The values given should be looked upon as 
indicative rather than finite; for they represent essentially temporary 
maxima, likely to be exceeded in the future. Their applicabiUty is, 
of course, restricted to small areas. 

PRACTICAL APPLICATION OF EXCESSIVE PRECIPITATION 

DATA 

The isopluvial charts furnish a convenient means of determining 
the pluvial index for any locality within the eastern United States, 
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Average Number of Years Between Periods of Excessive Precipitation 

FIG. 44.— FREQUENCY OF EXCESSIVE PRECIPITATION IN 

QUADRANGLE 3-D. 

The depth shown corresponding to any frequency period is that which will 
probably be equaled or exceeded once during that period. 
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FIG. 45.— FREQUENCY OF EXCESSIVE PRECIPITATION IN 

QUADRANGLE 9-E. 

The depth shown corresponding to any frequency period is that which will 
probably be equaled or exceeded once during that period. 
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Average Number of Years Between Periods of Excessive Precipitation 

FIG. 46.— FREQUENCY OF EXCESSIVE PRECIPITATION IN 

QUADRANGLE 12-J. 

The depth shown corresponding to any frequency period is that which will 
probably be equaled or exceeded once during that period. 
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FIG. 47.— FREQUENCY OF EXCESSIVE PRECIPITATION IN 

QUADRANGLE 15-E. 

The depth shown corresponding to any frequency period is that which will 
probably be equaled or exceeded once during that period. 
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by merely interpolating between the isopluvial lines. In doing this 
it is necessary to bear in mind the limitations of the charts as above 
set forth. Detached mountain spurs and other prominent local topo- 
graphic features, which though important in themselves yet are so 
small as to be recognized with difficulty on charts of the size here 
published, had to be ignored in drawing the isopluvial Unes,- and 
allowance should be made for them accordingly. 

In appljdng the pluvial indices to a particular area, it is perhaps 

desirable first to construct frequency curves, similar to the four shown 

in figures 44 to 47, for several of the surrounding quadrangles. The 

method of constructing these curves from the pluvial indices is readily 

seen. The six curves shown for quadrangle 3-D, figure 44, correspond 

to the 1 to 6-day maximum periods of precipitation. The curve for 

the 1-day period is found by platting, to the proper frequency intervals, 

the pluvial indices 4.2, 4.8, 5.5, and 6.5, taken from the charts for 15, 

25, 50, and 100-year frequencies, respectively. The 2 to 6-day curves 

are found in a similar way. This enables the investigator to obtain a 

clear idea of the additional depths which may be expected, above 

that for the maximum day, for consecutive periods of 2 to 6 days. 

These curves also show cleariy the manner in which the depths increase 

* with the average period of time between occurrences. 

The four quadrangles for which curves are shown in figures 44 
to 47, were selected to show the varying characteristics in different 
sections of the country. The curves for quadrangle 3-D, figure 44, 
indicate that in this quadrangle from 65 to 75 per cent of the total 
rainfall occurs on the maximum day in a 1 to 6-day period of excessive 
precipitation. In quadrangle 9-E, figure 45, these percentages are 
reduced to between 50 and 60. Similar percentages are determinable 
for the other two sets of curves. The curves for quadrangle 12-J, 
figure 46, indicate the dominance of the storms of long duration to 
which the Gulf coast is subject. A significant feature of all the curves 
is their near approach to a horizontal position at a frequency of 100 
years, indicating that the maximum depths of rainfall already recorded 
will probably not be greatly exceeded in the future. 

The isopluvial charts may be used to advantage in the preparation 
of frequency curves for the design of sewer systems, bridge and culvert 
openings for small drainage basins, and in the design of dams, levees, 
and channel improvements where the watersheds involved are not 
more than a few square miles in area. Since each pluvial index repre- 
sents the excessive precipitation at only one station, it will be seen 
that the rainfall values are applicable to only small areas. For the 
larger areas the reader is referred to the results of the time-area-depth 
investigations given in chapter VIII. 



CHAPTER VI.— SELECTING AND SIZING THE 

160 GREAT STORMS 

The discussion of rainfall statistics in the last two chapters was 
limited to a consideration of excessive precipitation records at indi- 
vidual stations. This involved the two important rainfall factors of 
depth and duration, but ignored a third factor, area, which is equally 
important. The next logical step in the investigation, therefore, is 
to study a number of large storms as a whole, giving consideration to 
all three of the factors, time, area, and depth, which determine the 
size of storms. 

This chapter is devoted to a description of the methods used in 
selecting and determining the relative sizes of 160 great storms. 
These will be used in subsequent chapters in a discussion of seasonal 
and geographical distribution, frequency, and cyclic variation of 
storms. Several of the largest and most important of these 160 
storms are also later studied and discussed in much greater detail 
as to their time-area-depth relations, by means of maps and curves. 

PERIOD COVERED 

Before proceeding with the actual selection of storms it was neces- 
sary to determine what period of years the investigation should cover. 
It is, of course, highly desirable to have this period as long as possible, 
and still be sure that the rainfall records during the entire time are 
sufficiently numerous and well distributed to warrant deductions as to 
the size, frequency, seasonal distribution, and cyclic variation of the 
storms which occurred. 

Prior to 1843 the records are so few and scattered as to be of 
negligible value for the objects here in view. From 1843 to 1872 
there were still very few rainfall gaging stations, and consequently 
the chance was remote that the center of a storm area would occur 
near one of these. It was still more unlikely that any but the greatest 
storms would cause unusual rainfall records at two or more of these 
widely separated stations. Only the greatest storm of this period, 
that of October 3-4, 1869, over Connecticut, was therefore selected 
for further study and comparison with the greatest storms of recent 
years in the same region. 

Although for the next nineteen years, 1873-1891, the number of 
rainfall gaging stations was considerably greater, the same handicap 
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persists, that is, there were not sufficient records to be sure of including 
the smaller storms. For this reason, therefore, detail consideration 
was Umited to the two greatest storms of that period: that of July 
27-31, 1887, central over Georgia, and that of May 31-Jime 1, 1889, 
central over Pennsylvania. 

On July 1, 1891, the Weather Bureau of the United States Depart- 
ment of Agriculture took over the cUmatological work which for twenty 
years had been conducted by the Signal Service of the War Depart- 
ment. A large number of additional observing stations were soon 
estabUshed, especially in those parts of the country where but few had 
existed prior to that time. We can feel sure, for the 25-year period 
1892-1916, that not only have we records of all the storms that have 
occurred which come within the selected limits, but also that the data 
is sufficient to warrant a study of comparative sizes by means of their 
time-area-depth relations, and a study of their average frequency and 
seasonal distribution. 

It is to this 25-year period that the greatest amount of study has 
been given. In the determination of storm frequency, and seasonal 
and geographical occurrence in the next chapter, no attempt is made 
to use the less complete data for the 50 years prior to 1892; and in 
discussing in detail in a later chapter the time, area, and depth storm 
factors, consideration is Umited, for this 50-year period, to only the 
three great storms just mentioned. We do not believe we are justi- 
fied, however, in ignoring altogether the data for those early years 
It has very decided value in supplementing and corroborating the 
storm experience of the past 25 years, and will be further discussed 
in a later chapter in connection with the time-area-depth relations of 
30 of the most important storms of the past 25 years. 

SELECTING THE STORMS 

In selecting the more important from the large number of storms 
which were recorded during the 25-year period, 1892-1916, it was 
necessary to fix maximum hmits of area and duration which were to 
be treated as being comprised in a single storm. Obviously, it was 
also necessary to fix minimum limits of depth and area in order to 
exclude the numerous storms of such small area and depth as to be 
of little or no consequence in an investigation of this nature. The 
fixing of these Umits was done somewhat arbitrarily, the principal 
object being so to choose them as to include all storms which could 
possibly be of interest. The criterion adopted was that each storm 
selected should have not less than five station records having a 3-day 
precipitation equaUng or exceeding 6 inches. 
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Of such stormSy 160 were found which occurred during tlie yean 
1892-1916. A list of these, divided into two groups, nortliem and 
southern, is given in tables 4 and 5, giving for each storm tlie identi- 
fication number, date, geographical location of principal center, as 
well as the highest, fifth highest, tenth highest, and twentieth Mghest 
3-day precipitation records. The storms marked with asterisks are 
the largest and most important and of these a detail study as to their 
time-area-depth relations is made in a subsequent chapter. 

The actual location of all the storms of which there are records, 
and which come within the Umits just described, required a. careful 
and extended search of several sources. Most of them were located by 
consulting the monthly rainfall chart and the notes on floods in the 
Monthly Weather Review.* On the chart appear isohyetals siiojving 
the precipitation over the entire United States for the current month. 
Notes in the text generally supplement the chart, and explain in some 
detail the nature and extent of unusual storms. Since these charts 
show the amount of rainfall for an entire month, it occasionaZ/y 
happens that although there is a large rainfall over an extensive area 
it is so distributed throughout the month that the maximum £ve 
consecutive days appear as a storm of little or no consequence. In 
such cases as this, the notes in the text on storms and floods sometimes 
indicate the character of the precipitation, but it was generally neces- 
sary to refer to the daily rainfall records of stations in the storm area 
to determine whether the precipitation shown by the chart was dis- 
tributed over an extended period of time, or fell principally as a storm 
sufficiently intense to come within the hmits chosen. Months for 
which the rainfall chart indicated that no storm of the defined inten- 
sity could have occurred were passed by without further search. 

DETERMINING THE RELATIVE SIZES OF THE STORMS 

It was early observed that the largest storms of the north and 
east never approach in depth and intensity the maximum Gulf coast 
and southern Atlantic seaboard storms. To establish an equitable 
basis for comparison of size all the storms were divided into two 
groups, the northern group and the southern group. The line of 
division was somewhat arbitrarily chosen along the north boundaries 
of North CaroUna, Tennessee, Arkansas, and Oklahoma. Of the 160 
storms, 47 are in the northern, and 113 in the southern group. This 

* The Signal Service of the War Department first published the Monthly 
Weather Review in January 1873 and continued to issue it monthly xmtil 1892, 
when the Weather Bureau of the U. S. Department of Agriculture was formed to 
take over the meteorological work of the Signal Service. Since 1892 the Weather 
Review has been the principal official periodical of the Weather Bureau. 
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Table 4. — Chronological list of 49 Great Northern Storms. 

The greatest, fifth, tenth, and twentieth highest rainfall records in inches for 
the maximum period of 3 days in each storm are given. The asterisks (*) denote 
important storms of which the time-area-depth relations were studied in detail by 
means of maps and curves. 



storm 




TIaIm 


Center 


High Rainfall Records In Inches 




±Jaw9 * 


Max. 


6th 


lOth 


20th 


a* 


1869 


Oct. 3- 4 


Conn. 










c* 


1889 


May 31-June 1 


Pa. 










4 


1893 


May 15-17 


Ohio 


8.40 


6.65 


5.22 


3.40 


10* 


1894 


May 18-22 


Pa. 


9.20 


8.66 


7.84 


7.10 


12 


1894 


Sept. 18-20 


N.J. 


9.30 


7.29 


5.55 


4.72 


14 


1895 


Oct. 12-14 


Mfl,88. 


8.49 


7.65 


7.33 


6.72 


15* 


1895 


Dec. 17-20 


Mo. 


11.90 


9.25 


7.09 


6.15 


18 


1896 


June 4- 6 


Neb. 


12.30 


6.20 


4.^ 


3.97 


21 


1896 


Sept. 28-30 


Va. 


6.90 


6.00 


5.36 


4.28 


23 


1897 


Jan. 1- 3 


Mo. 


9.04 


7.75 


6.70 


5.97 


25* 


1897 


July 12-14 


Conn. 


10.30 


8.59 


6.87 


5.57 


26 


1897 


July 27-29 


N.J. 


9.09 


6.08 


5.06 


3.65 


31 


1898 


July 6- 8 


Mo. 


9.75 


6.84 


4.30 


3.55 


33 


1898 


Aug. 3- 5 


Pa. 


7.00 


6.02 


3.87 


3.24 


39 


1898 


Sept. 29-Oct. 1 
July 14-16 


Mo. 


13.79 


9.44 


8.03 


5.20 


61* 


1900 


Iowa 


13.70 


8.20 


6.39 


4.06 


62 


1900 


Sept. 9-11 


Minn. 


7.24 


6.21 


5.75 


5.10 


65 


1902 


June 27-29 


111. 


8.10 


6.76 


6.01 


5.31 


67 


1902 


Sept. 21-23 


Kans. 


8.07 


6.61 


5.34 


4.38 


68 


1902 


Sept. 24-26 


Md. 


8.80 


6.19 


5.05 


4.30 


72* 


1903 


Aug. 25-28 


Iowa 


15.46 


10.18 


8.14 


5.80 


73 


1903 


Sept. 12-14 


Wis. 


6.19 


5.81 


4.88 


3.20 


76* 


1903 


Oct. 8- 9 


N.J. 


15.00 


10.66 


9.78 


8.30 


77 


1904 


Mar. 24-26 


lU. 


7.16 


6.52 


6.02 


4.89 


79 


1904 


Sept. 13-15 


N.J. 


9.00 


7.10 


6.47 


5.80 


83* 


1905 


June 9-10 


Iowa 


12.10 


7.25 


4.80 


3.30 


84 


1905 


July 19-21 


Mo. 


7.60 


6.45 


4.51 


3.18 


86* 


1905 


Sept. 15-19 


Mo. 


10.50 


8.06 


7.58 


5.55 


87 


1905 


Oct. 16-18 


Mo. 


7.97 


6.47 


5.24 


3.73 


91 


1906 


Sept. 16-18 


Kans. 


8.75 


6.39 


4.57 


3.60 


94 


1907 


Jan. 2- 4 


Ark. 


9.61 


7.79 


6.82 


5.99 


97 


1907 


July 14-16 


Iowa 


11.10 


6.70 


5.30 


4.41 


109* 


1909 


July 5-7 


Mo. 


11.23 


8.54 


7.55 


6.36 


110* 


1909 


Jiily 20-22 


Wis. 


12.77 


8.50 


6.45 


4.31 


111 


1909 


Nov. 12-14 


Kans. 


7.18 


6.85 


6.18 


5.30 


113 


1910 


Aug. 28-30 


Neb. 


8.52 


6.50 


4.85 


2.69 


114* 


1910 


Oct. 4- 6 


lU. 


15.18 


11.50 


10.30 


8.90 


119 


1911 


Aug. 29-51 


N.J. 


7.67 


6.65 


6.28 


5.66 


125* 


1912 


July 20-24 


Wis. . 


11.25 


5.27 


4.29 


2.90 


127 


1912 


Sept. 23-25 


Md. 


7.75 


6.73 


5.60 


4.56 


129 


1913 


Jan. 6- 8 


Tenn. 


9.48 


7.36 


6.45 


5.55 


130* 


1913 


Jan. 10-12 


Ark. 


7.39 


6.70 


5.74 


5.15 


132* 


1913 


Mar. 23-27 


Ohio 


10.23 


8.98 


8.75 


8.17 


142 


1914 


Sept. 7- 9 


Mo. 


7.83 


6.13 


5.14 


3.74 


143 


1914 


Sept. 13-15 


Iowa 


9.22 


6.48 


5.99 


5.28 


148 


1915 


May 26-28 


Mo. 


10.63 


7.10 


5.98 


5.26 


151* 


1915 


Aug. 17-20 


Ark. 


14.00 


11.73 


10.49 


8.70 


153 


1915 


Sept. 7- 9 


Kan8. 


10.33 


6.30 


4.23 


3.41 


158 


1916 


Aug. 13-15 


111. 


9.88 


6.49 


5.15 


3.20 



8 
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Table 5.— Chronological list of 1 14 Great Southern Storms 

The greatest, fifth, tenth, and twentieth highest rainfall reooids in inches for 
the maximum period of 3 days in each storm are given. The asterisks (*) denote 
important storms of which the time-area-depth relations were studied in detail by 
means of maps and curves. 



storm 




Data 


Center 


High RAlnfAll Recnnlii In TnclMs 


* 
















Max. 


6tli 


lOtb 


20th 


b* 


1887 


July 27-31 


Ga. 










1 


1892 


Jan. 11-13 


Ala. 


13.62 


7.45 


4.98 


4.19; 


2 


1892 


Apr. 5- 7 


^1a. 


10.62 


7.79 


7.10 


4.82 


3 


1892 


Apr. 20-22 
Iday 26-28 


I^a. 


9.60 


6.62 


6.10 


3.60 : 


5 


1893 


Ark. 


10.80 


7.37 


6.30 


4.32 


6 


1893 


Aug. 26-28 


S. C. 


13.22 


8.45 


6.86 


5.70 


7 


1893 


Sept. 6- 8 


T/a. 


13.15 


8.32 


6.75 


4.87 


8 


1894 


Mar. 18-20 


Ark. 


9.49 


8.13 


7.26 


6M 


\ 


9 


1894 


Apr. 29-May 1 


Tex. 


6.92 


6.35 


5.20 


3.5C 


) 


11 


1894 


Aug. 4- 6 


S. C. 


10.25 


6.96 


6.16 


4.97 


r 

i 


13* 


1894 


Sept. 24r-26 


Fla. 


12.60 


11.07 


9.84 


5.42 i 


16 


1896 


Jan. 31-Feb. 2 


Miss. 


7.52 


7.15 


6.16 


5.22 


1 


17 


1896 


Apr. 12-14 


Miss. 


8.60 


7.21 


5.42 


3.72 




19 


1896 


July 6-8 


S. C. 


8.09 


7.43 


6.62 


6.20 




20 


1896 


Sept. 19-21 


La. 


8.30 


6.18 


5.00 


4.15 




22 


1896 


Sept. 25-27 


Tex. 


9.00 


7.98 


5.96 


3.62 




24* 


1897 


Mar. 22-23 


Ga. 


11,89 


9.84 


6.45 


4.08 




27 


1897 


Aug. 17-19 


I/a. 


7.80 


7.11 


5.97 


4.50 




28 


1897 


Sept. 20-22 


Fla. 


12.40 


7.04 


5.83 


4.39 




29 


1897 


Dec. 2- 4 


Miss. 


9.11 


7.83 


6.03 


4.33 




30 


1898 


May 3- 5 


Okla. 


8.53 


7.03 


5.52 


4.45 




32 


1898 


July 11-13 


Fla. 


16.03 


6.86 


5.41 


4.23 




34 


1898 


Aug. 27-29 


Ga. 


12.32 


8.74 


6.50 


4.15 




35 


1898 


Sept. 1- 3 


Ga. 


10.46 


7.48 


6.30 


4.95 




36 


1898 


Sept. 10-12 


T^a. 


9.30 


7.02 


5.75 


4.39 




37 


.1898 


Sept. 21-23 


N.C. 


8.30 


6.30 


4.16 


3.10 




38 


1898 


Sept. 29-Oct. 1 


La. 


13.79 


9.44 


8.03 


5.20 




40 


1898 


Oct. 2- 4 


Ga. 


13.02 


8.00 


6.25 


5.10 




41 


1899 


Jan. 4- 6 


La. 


9.17 


7.59 


6.62 


4.74 




42 


1899 


Mar. 13-15 


Ala. 


10.25 


7.51 


6.75 


5.12 




43* 


1899 


June 27-July 1 


Tex. 


33.00 


10.50 


7.30 


4.62 




44 


1899 


Oct. 2- 4 


Fla. 


19.90 


7.70 


4.91 


3.00 




45 


1899 


Dec. 9-11 


MlRS. 


8.83 


7.00 


5.25 


4.41 




46 


1900 


Jan. 9-11 


La. 


10.22 


7.08 


5.21 


4.05 




47 


1900 


Feb. 10-12 


Ga. 


12.25 


7.92 


6.41 


5.50 




48 


1900 


Apr. 5- 7 


Tex. 


8.80 


6.39 


5.30 


4.23 




49* 


1900 


Apr. 15-17 


Miss. 


13.90 


11.92 


10.12 


8.48 




50 


1900 


July 13-15 


Tex. 


15.97 


7.98 


4.60 


3.17 




53 


1900 


Sept. 21-23 


Tex. 


10.60 


7.65 


5.59 


3.70 




54 


1901 


Jan. 10-12 


Miss. 


8.00 


6.50 


5.50 


4.43 




55 


1901 


May 20-22 


N.C. 


8.02 


7.03 


6.75 


6.00 




56 


1901 


June 11-13 


Fla. 


15.71 


11.35 


5.39 


3.87 




57 


1901 


Aug. 5- 7 


N.C. 


7.09 


6.68 


6.40 


5.37 




58 


1901 


Aug. 14-16 


Ala. 


12.02 


8.55 


7.04 


6.18 




59 


1901 


Sept. 16-18 


Ga. 


11.44 


8.23 


7.15 


6.03 




60 


1901 


Dec. 27-29 


Ala. 


8.78 


6.85 


6.09 


5.34 




61 


1902 


Feb. 26-28 


Ga. 


9.50 


7.13 


6.20 


5.00 




62 


1902 


Mar. 15-16 


Ga. 


10.20 


7.68 


5.3 


3.6 




63* 


1902 


Mar. 26-29 


Miss. 


10.78 


9.52 


8.50 


7.30 




64 


1902 


June 26-28 


Tex. 


10.11 


6.52 


5.27 


3.17 




66 


1902 


July 30-Aug. 1 


Ark. 


10.24 


7.68 


6.91 


5.56 




69 


1902 


Dec. 2- 4 


Fla. 


14.38 


7.25 


5.93 


4.11 




70 


1903 


May 12-14 


Ala. 


11.16 


7.67 


6.64 


4.80 




71 


1903 


July 1- 3 


Tex. 


13.73 


7.20 


5.75 


4.35 
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Table 5. — Continued. 



storm 




Date 


Center 


High Rainfall Records In Inches 


















Max. 


6th 


lOth 


20th 


74 


1903 


Sept. 12-14 


Fla. 


10.00 


7.07 


6.10 


2.96 


75 


1903 


Sept. 13-16 


Ga. 


12.20 


9.00 


7.30 


6.67 


78 


1904 


June 2- 4 


Okla. 


11.88 


7.00 


6.68 


6.07 


80 


1904 


Dec. 25-27 


La. 


10.05 


8.92 


8.26 


6.36 


81 


1905 


Feb. 11-13 


Ga. 


7.20 


6.66 


6.11 


6.15 


82 


1905 


Apr. 24-26 


La. 


9.03 


6.10 


6.07 


3.96 


85 


1905 


Aug. 3- 5 


Fla. 


12.23 


6.19 


4.66 


3.16 


88 


1906 


Mar. 18-20 


Miss. 


8.46 


6.96 


6.56 


6.90 


89 


1906 


May 22-24 


Fla. 


12.46 


9.00 


6.60 


3.84 


90 


1906 


Aug. 6- 8 


Okla. 


9.58 


6.73 


6.30 


4.28 


92 


1906 


Sept. 26-28 


Ala. 


12.45 


9.96 


7.26 


6.62 


93* 


1906 


Nov. 17-21 


Ark. 


13.00 


10.26 


8.90 


6.76 


95 


1907 


May S-10 


Tia. 


13.66 


8.91 


6.74 


4.73 


96 


1907 


May 29-31 


La. 


10.61 


8.10 


7.36 


6.85 


98 


1907 


Sept. 27-29 


Fla. 


10.40 


6.80 


6.26 


6.10 


99 


1907 


Nov. 18-20 


Ark. 


7.75 


6.66 


6.49 


6.36 


100 


1908 


May 22-24 


Okla. 


9.03 


8.60 


8.28 


7.19 


101 


1908 


July 29-31 


N.C. 


10.73 


7.60 


4.83 


3.07 


102* 


1908 


July 28-Aug. 1 


La. 


17.62 


8.14 


6.62 


4.11 


103* 


1908 


Aug. 24r-26 


N.C. 


16.58 


12.83 


9.62 


8.30 


104 


1908 


Sept. 24-26 


Fla. 


7.60 


6.66 


6.90 


4.43 


106* 


1908 


Oct. 20-24 


Okla. 


13.00 


10.18 


7.78 


6.69 


106 


1909 


May 25-27 


Mias. 


11.32 


8.44 


7.39 


6.46 


107 


1909 


June 1- 3 


Miss. 


9.62 


6.86 


6.77 


4.96 


108* 


1909 


June 29-July 3 


Fla. 


15.85 


10.67 


8.66 


6.60 


112 


1910 


June 12-14 


Fla. 


8.47 


7.21 


6.30 


4.20 


115 


1910 


Oct. 16-18 


Fla. 


10.20 


9.06 


7.78 


6.11 


116 


1911 


Apr. 13-15 


Ark. 


9.33 


6.46 


6.96 


4.71 


117 


1911 


Aug. 13-15 


Ark. 


10.61 


7.17 


6.63 


4.62 


118 


1911 


Aug. 29-31 


Ga. 


19.12 


8.86 


6.70 


4.02 


120 


1911 


Dec. 11-13 


La. 


8.60 


6.63 


6.00 


4.88 


121 


1912 


Mar. 14-16 


S.C. 


6.46 


6.08 


6.76 


4.96 


122 


1912 


Apr. 15-17 


Miss. 


8.86 


7.02 


6.20 


6.26 


123 


1912 


Apr. 20-22 


Fla. 


9.60 


7.26 


6.31 


5.32 


124 


1912 


June 8-10 


Fla. 


13.86 


7.02 


6.46 


3.67 


126 


1912 


Aug. 9-11 


Tex. 


13.26 


6.19 


3.78 


2.71 


128 


1912 


Dec. 3- 5 


Miss. 


7.80 


6.78 


6.92 


5.00 


131 


1913 


Max. 13-15 


Ala. 


14.06 


8.63 


7.68 


6.10 


133 


1913 


Sept. 13-15 


Ark. 


11.43 


7.64 


6.90 


6.28 


134 


1913 


Sept. 26-27 


La. 


13.33 


10.34 


8.53 


6.52 


135* 


1913 


Oct. 1- 2 


Tex. 


14.47 


10.44 


8.61 


6.42 


136* 


1913 


Dec. 2- 6 


Tex. 


14.46 


11.00 


9.68 


7.96 


137 


1914 


Mar. 26-28 


La. 


12.87 


9.00 


7.00 


6.08 


138 


1914 


Apr. 26-28 


Tex. 


14.84 


7.46 


6.46 


4.98 


139 


1914 


May 28-30 


Tex. 


11.92 


6.28 


4.66 


3.21 


140 


1914 


July 13-15 


La. 


10.17 


9.25 


6.61 


2.30 


141 


1914 


Aug. 6- 8 


Tex. 


12.33 


7.90 


6.36 


4.78 


144* 


1914 


Oct. 14-16 


N.C. 


12.00 


7.00 


6.72 


4.26 


145 


1914 


Oct. 23-26 


Tex. 


16.00 


9.10 


6.40 


4.60 


146 


1915 


Apr. 22-24 


Tex. 


11.80 


8.30 


6.69 


4.60 


147 


1915 


May 6- 8 


Fla. 


8.62 


6.03 


6.47 


4.62 


149 


1916 


July 3- 5 


La. 


10.86 


7.44 


6.42 


6.33 


150 


1915 


Aug. 1- 3 


Fla. 


16.61 


10.11 


6.63 


4.12 


152 


1916 


Sept. 29-Oct. 1 


Miflfl. 


10.40 


7.10 


6.86 


4.86 


154 


1916 


May 1- 3 


Tex. 


7.90 


6.95 


6.98 


4.96 


155 


1916 


May 21-23 


La. 


10.06 


8.47 


6.66 


6.30 


156* 

4 ^*-~ ■ 


1916 


July 6-10 


Ala. 


19.69 


16.26 


12.48 


9.91 


157* 

4 IP^V 


1916 


July 14-16 


N.C. 


23.68 


16.77 


14.70 


10.70 


159 

4 ^%^^ 


1916 


Oct. 16-18 


La. 


13.08 


7.80 


6.98 


3.96 


160 


1916 


Dec. 20-22 


Fla. 


7.89 


6.01 


6.44 


4.20 
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grouping of the storms has certain conspicuous defects, as it 
Iowa and Illinois storms in the same class with those of New 'ElA 
although the sources and characteristics of the two types are 
different. Similarly, in the southern group, the storms of Text 
the Carolinas are grouped together though they differ materia 
type. But aside from these defects the subdivision has proved 
of material assistance not only in making an intelligent ai 
possible of the relative sizes of storms, but also by bringing out 
facts relating to their seasonal distribution. 

The relative sizes of the storms were determined by sh< 
graphically the 20 highest 3-day rainfall records in each storm. - 
do this, each storm was given a separate ordinate on a sheet of ^ 
section paper, and on this ordinate were platted the highest, the \ 
highest, the tenth highest, and the twentieth highest values for- 
maximum 3-day period of the storm. The storms were then r« 
as to size according to the fifth highest value. Figure 48, plottedj 
this manner, shows the 47 great northern storms and the 113 gri 
southern storms arranged in order of size. The upper and loi 
extremities of the Unes representing the storms show, respective 
the highest and twentieth highest values; the upper and lower cirq 
show, respectively, the fifth highest and tenth highest values, it 
solid lines represent storms for which maps and time-area-depth curvj 
were drawn. The storms can be identified by means of the numbel 
near the lower margin, which are the same as those in tables 4 and | 

The fifth highest value was chosen as a basis for comparing thj 
size of the storms because the average area represented by five statiom 
is about equal to that of the largest reservoir watershed in the Miana 
Valley flood control project. On this basis of comparison two of the 
variable factors, time and area, are kept approximately constant, 
while the third variable, depth, determines the comparative size of 
the storm. 

The 3-day maximum period was chosen for several reasons. Many 
intense storms last only 1, 2, or 3 days, and obviously it would not be 
wise to compare the maximum records of such short storms with 
records representing the total precipitation of 5-day or 6-day storms. 
On the other hand, it would not be fair to compare the maximum 
1-day records of a 6-day storm with the maximum 1-day records of a 
1-day storm. The 3-day period is considered a fair average for the 
purpose of comparing these types of storm in so far as it is possible 
to institute such comparisons. Another important reason for choosing 
the 3-day period is that a storm of this concentration places a maximum 
burden on the flood protection system that is planned for the Miami 
Valley. 
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As stated, the areas of all the storm centers are made approximately 

tlie same for purposes of comparison by using the records of an equal 

niimber of stations, namely five, at the center of each storm. This 

metliod is fairly reliable when applied to storms in the same section 

of tlie United States, but cannot be used so successfully in comparing 

tlie areas of storms in different parts of the country, as there are more 

stsftions in a given number of square miles in some sections than in 

otliers. Fortunately, for the purposes of the Miami Conservancy 

District, the rainfall gaging stations are much closer together in the 

northeastern part of the country than in the south and west. In the 

former section, the greatest storms are generally of much less depth 

and area than in the latter section. The distribution of rainfall 

stations tends, therefore, to equalize the number of storms chosen 

from the different sections. 

The above method of comparing storm sizes is of Uttle value when 
applied to two storms, one of which occurred prior to 1892 and the 
other subsequent to that time. In such cases the tendency always 
is to picture the earlier storm smaller than it really was, on account 
of the greater scarcity of observing stations. This introduces a two- 
fold error. A greater area is represented by an equal number of 
stations in the earlier than in the later storm, and, since the stations 
are more widely separated in the earlier storm, there is less probability 
of the center of the storm having occurred at or near any station, that 
is, the higher rates of rainfall may not have been recorded at all. It 
follows from these considerations that a given number of rainfall 
records, such as the five here arbitrarily chosen, will for eariy storms 
necessarily give lower values than for the later storms, and that such 
values will become progressively smaller the earUer the storm selected. 
For this reason none of the storms prior to 1892 are shown on the 
charts in figure 48. 



CHAPTER VII.— GEOGRAPHICAL LOCATIO 
SEASONAL DISTRIBUTION, AND FRE- i 
QUENCY OF THE 160 GREAT 1 

STORMS • 

The geographical and seasonal distribution of the 160 st) 
discussed in chapter VI are shown by the charts in figure 49 anl 
the maps in figures 50 to 57. The geographical division of the st4| 
into northern and southern groups, made in the preceding cha| 
has been retained in the following discussion. In addition, the std 
of each group have been divided, according to the time of the j 
in which they occurred, into four seasonal groups each containing^ 
of the storms that occurred in a particular quarter of the year. I 

The division of the year into quarters was determined from | 
charts shown in figure 49. These charts have, along their horizonr 
axes, 12 spaces to represent the months of the year. Each storm 
platted as a vertical line, chronologically on the horizontal axis, shot 
ing, as in figure 48, the highest, the fifth highest, the tenth highel 
and the twentieth highest 3-day values. From a study of these chaf 
it was decided to divide the year into quarters beginning, respective^J 
November 1, February 1, May 1, and August 1. These will be referni 
to as the first, second, third, and fourth quarters. 

The eight maps, figures 50 to 57, show the storms occurring in tb 
northern and southern groups during the four quarters, there beioi 
one map for each quarter for each group. The first four maps shoi 
the storms in the northern group, and the next four show those in th^ 
southern group. Each storm is represented by its 6-inch isohyetal 
for the maximum 3-day period of rainfall. It can be identified nu^ 
merically by means of the table accompanying each map. This table 
also gives the area in square miles enclosed by the 6-inch isohyetaV 
and the average depth of precipitation in inches over that area. 
Where the storm extends beyond the coast Une, the area and average 
depth given are for the land area enclosed by the 6-inch isohyetal. , 

NORTHERN STORMS 

There are 6 storms recorded in the first quarter of the year in the 
northern group. As shown in figure 50, all of these occurred in the 
lower Mississippi and Missouri River valleys. In the second quarter, 

only 2 are recorded. One of these, number 132, March 24-26, 1913, 
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caused the disastrous floods throughout the Ohio Valley. This storm, 
as will be seen by referring to figure 51, was very much greater and 
occurred farther north and east than number 77. The latter storm 
occurred in southern Illinois not far north of the mouth of the Ohio 
River. The fact that only two storms of material size have occurred 
in the northern part of the United States at this season during the 
past 25 years indicates that storm 132 was phenomenal in time of 
occurrence as well as in depth of precipitation and area covered. 

During the third quarter the storms of this group are located 
principally in the Mississippi and Missouri River valleys. Two storms 
of about the average size for this quarter, numbers 10 and 25, and one 
comparatively small storm, number 26, are located on the Atlantic 
Coast in eastern Pennsylvania, New Jersey, and the New England 
states. The location and size of the storms of this quarter are shown 
in figure 52. One storm, number 4, is located on the south shore of 
Lake Erie. Most of the storms have comparatively small, kidney 
shaped areas, were of short duration and had intense rainfall, both 
of which factors are typical of thunderstorms. 

It is during the fourth quarter, August to October, that the great- 
est storms occur in the northern group. These are massed along the 
Atlantic Coast and in the lower Mississippi and Missouri River valleys. 
One storm, number 114, October 4r-6, 1910, extends from central 
Arkansas to central Ohio, as shown in figure 53. 

Storm a, October 3-4, 1869, belongs to this quarter but is not 
shown on the map because it did not occur during the years 1892- 
1916. Its 6-inch isohyetal encloses a large part of central New Eng- 
land, a condition which tends further to establish the principal geo- 
graphical location of great storms during this quarter of the year. 

Although the smaller storms are similar in shape to the storms of 
the third quarter, the larger ones are shaped more like the storms of 
the first and second quarters. 

SOUTHERN STORMS 

Fifteen storms are recorded in the first quarter of the year in the 
southern, group. Thirteen of these are in the lower Mississippi 
Valley and closely adjoining regions. Two small storms, numbers 
69 and 160, are in northeastern Florida. The location and size of the 
storms in the southern group, occurring in this quarter of the year, 
are shown in figure 54. 

In the second quarter 25 storms are recorded in the southern 
group. These are shown in figure 55. They are all in the interior 
of the south, as were all but two of those of the first quarter. This is 
significant as regards the origin of these storms. It will be recalled 
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that the low pressure areas which accompany them originate in the 
northwest, west, and southwest, and travel eastward. Their paths 
converge and focus in eastern Texas and Oklahoma and then traverse 
the country in a northeasterly direction in parallel lines. 

In chapter III it was also pointed out that these low pressure 
areas travel much faster during the winter than during the summer 
months. These two characteristics of winter lows, namely, rapidity 
of movement, and parallel direction of travel, result in the long narrow 
shapes and parallel major axes, which are such striking characteristics 
of all these storm areas. 

It should also be noted that all these storms he on the ocean side 
of the paths of lows. This is not true of the storms which occur 
during the summer months, as may be seen by referring to maps for 
the third and fourth quarters. This is because the paths of summer 
lows are not as definite as those for winter lows, and they often remain 
in practically the same position for several days. A further reason is 
that many of the storms during the third and fourth quarters are due 
to thunderstorm conditions. 

Another feature of the southern group of the first and second quar- 
ters is, that, while the storms do not lie very far inland, they are far 
enough so that the 6-inch isohyetal does not intersect the coast line. 
This is a peculiarity that is not true of the storms of the third and 
fourth quarters, and is probably due to the fact that precipitation is 
not caused until the warm moist winds reach the higher and much 
colder plateau a short distance inland. The effect of this inland storm 
area in the lower Mississippi Valley is plainly evident on the isopluvial 
charts, figures 13 to 36. 

It is during the third quarter, May to July, that the greatest 
storms generally occur in the southern group. Two of the greatest 
storms of record in the United States, number 43, June 27-July 1, 
1899, over Texas, and number 156, July 6-10, 1916, over Alabama and 
Georgia, occurred during this quarter. A total of 32 storms are 
included in this group. These are shown in figure 56, and it is very 
noticeable that they extend over the entire south from central Texas 
to the Atlantic Ocean. However, a slight concentration seems to 
exist along the Gulf Coast. The contrast between the southern 
storms of long duration, and the short, intense storms of the northern 
group, during this quarter, is especially remarkable. 

Forty-one storms occurred in the southern group during the 
fourth quarter, August to October, almost a third more than for any 
other quarter. These are shown in figure 57. It will be noticed 
that they are scattered over the entire south, as was the case in the 
third quarter, and that they are slightly concentrated along the Gulf 
Coast, in Florida, and in North and South Carolina. 



STORM RAINFALL OF EASTERN UNITED STATES 129 

In the first half of the year, during the months of November to 
April, all storms, as here defined, occur in the Mississippi Valley 
from the Gulf of Mexico to Iowa, Illinois, Indiana, and Ohio. In the 
second half of the year. May to October, they occur principally along 
the Atlantic and Gulf coastal regions and in the central Mississippi 
Valley, the greater number of the interior storms occurring west of 
the Mississippi River. In both the north and south, the greatest 
storms occur during the sununer months. In the north, they tend to 
occur most frequently in late summer; and in the south, most fre- 
quently in the early summer. Throughout the entire year storms are 
much more numerous in the south than they are in the north. 

FREQUENCY 

The frequency of storms, hke the frequency of excessive pre- 
cipitation discussed in a preceding chapter, is defined as the average 
number of years between occurrences. 

For the purpose of discussing the frequency of the 160 storms of 
the 25-year period, 1892-1916, the division into northern and southern 
groups will be ignored, and the country considered as a whole. All 
storms will be looked upon as either winter or summer storms, the 
winter months being November to April, inclusive, and the summer 
months May to October, inclusive. This simpUfies the discussion, 
and leaves to the reader the determination of the exact storm season 
and frequency to which any particular locahty is subject. For this 
purpose the maps, figures 50 to 57, may be used as a guide. 

The determination of the frequency of the 160 storms could be still 
further refined by using the total area subject to these storms, and 
the average area enclosed by the 6-inch isohyetal, to find the fre- 
quency over any given area. But the nature and extent of the data 
seem hardly to warrant such precision. If this result is desired, how- 
ever, more confidence can be placed in its determination from the 
isopluvial charts, figures 13 to 36, described in chapter V. 

The investigator should be cautioned not to try to restrict the 
area, season, or frequency of occurrence too closely. These factors 
can never be finally and accurately determined for a natural phe- 
nomenon. They may be much more definitely fixed after abundant 
data has been gathered for a long period of years, but until that time a 
comparatively large "factor of ignorance" must be appUed to the 
results obtainable. 

WINTER STORMS 

It has been previously pointed out that winter storms are confined 

almost entirely to the Mississippi Valley. The greatest number 
9 
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occur along the lower Mississippi in Louisiana, Arkansas, Mississippi, 
Alabama, and western Georgia. The number, frequency, and size 
of these storms gradually diminishes northward. During the 25-year 
period in question, 46 storms have occurred (ignoring the 2 small 
winter storms in Florida), or approximately 2 storms each winter 
season. Of this number, 38 were in the southern group, quite evenly 
distributed over western Gerogia, Alabama, Mississippi, Louisiana, 
Arkansas, and eastern Texas. This means, of course, that a winter 
storm of the defined intensity and size occurs on an average once 
every 3 years somewhere in the upper Mississippi Valley, and once 
or twice each year over some part of the southern states. 

SUMMER STORMS 

As has been previously shown, summer storms of the size under 
consideration occur almost exclusively along the Atlantic and Gulf 
coast, and in the interior region along the Mississippi River. A total 
(^112 summer storms, over the areas just mentioned, occurred during 
the 25-year period. This is an average of 4 or 5 summer storms each 
year somewhere in the United States east of the 103d meridian. Of 
this number, 12 storms, or an average of 1 storm every 2 years, oc- 
curred on the north Atlantic coast. Three of these were during the 
first half of the season, or an average frequency of 1 storm in about 
8 years; and 9 of them occurred in the latter half of the season, giving 
an average frequency of approximately 1 storm in 3 years. 

In the interior region along the Mississippi River there were 26 
storms, or an average frequency of one storm each year. Of these, 
11 occurred during the first half of the season and 15 during the last 
half. A previous statement has been made that most of these indicate 
thunderstorm conditions in shape and area. The effect of the intense 
local storms is seen on the isopluvial charts, figures 13 to 36, in the 
shape of the isopluvial lines, and in the great variation of index figures 
at the centers of adjoining quadrangles. 

The remaining 73 summer storms occurred along the southern 
Atlantic and Gulf coasts, and in Arkansas, eastern Oklahoma, and 
Texas. This is an average frequency of 3 storms each year. During 
the first half of the summer season there were 32 storms, and in the 
latter half 41 storms. The area along the Gulf coast which is subject 
to these storms is also subject to winter storms. As was previously 
shown, however, winter storms lie somewhat farther inland than the 
summer storms. The summer storms of the south are apt to be both 
intense and long continued, as for example, the July 1916 storms, 
numbers 156 and 157. 
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FroDa the foregoing discussion it is apparent that every section of 
the country is subject at different seasons to two distinct types of 
storms, namely, short violent storms, and storms of long duration in 
which the rain falls continuously at a fairly uniform rate. Between 
these two extremes there are, of course, all gradations. Along the 
north Atlantic coast, on the high plateau of western Oklahoma, 
Kansas, Nebraska, and Iowa, and in Wisconsin and Minnesota the 
short violent storm in which as much as 6 inches falls in 3 days at 5 
different stations is the prevailing type. Although the long-continued 
type of storm does not appear on the maps of these sections, from an 
examination of the rainfall records it is evidently present, but not 
intense enough to come within the limits here chosen for selecting 
storms. 

Storms of the short violent type occur in the west most often in 
midsummer; along the north Atlantic coast they occur most fre- 
quently in the late sununer, during September and October. Along 
the Gulf coast the precipitation and area covered by such storms is 
so much greater than in the west and northeast that the type charac- 
teristics are somewhat obscured; and are not apparent from an 
examination of the maps alone. However, an examination of the 
daily precipitation records of these regions, for a period of a few years, 
shows that their principal time of occurrence is midwinter. 

The storm type of long duration occurs most frequently in the 
opposite season, respectively, in each of these regions. These dis- 
tinctive features are not confined to storm rainfall, but are true for 
practically the entire precipitation. 



CHAPTER VIII.— DESCRIPTIONS AND TIME- 
AREA-DEPTH RELATIONS OF THE 33 
MOST IMPORTANT STORMS 

This chapter deals with the relations between area covered and 
average depth of rainfall in respective periods of 1, 2, 3, 4, and 5 days, 
for 33 of the largest and most important storms recorded in the 
United States east of the 103d meridian. A brief description is 
included for each of the 33 storms, and the method of selecting them 
from the 160 storms previously discussed is explained. 

The chief usefulness of this study Ues in its application to different 
sections of the eastern United States, in determining the most probable 
distribution and intensity of great storms which may occur in the 
future. Any such application involves the assumption that the 
records already available are of sufficient extent and duration to 
furnish a representative sample of weather conditions for some time 
to come. Whether the present records are sufficiently so repre- 
sentative may be a debatable question. When the records of another 
25 years are available, a similar study of them undoubtedly will 
furnish results of a higher degree of assurance. In the meantime a 
searching examination of the methods and results here set forth will, 
it is felt, convince the most skeptical that a high degree of confidence 
may be reposed in the conclusions here reached. 

OUTLINE OF PROCEDURE FOLLOWED 

The work on each of the 33 storms consists of a number of distinct 
steps. First, the rainfall data pertaining to the storm is assembled. 
Second, there are determined the 1-day period of greatest average 
rainfall, the 2-day period of greatest average rainfall, and so on, until 
the whole duration of the storm is covered. 

Third, on a large scale map of the United States, showing all 
rainfall observing stations, there is platted at each station the figures 
showing the amount of precipitation for the maximum 1-day of the 
storm. A similar map is prepared for the maximum 2-day precipi- 
tation, and likewise for each successive period until the whole duration 
of the storm, or until the maximum 5-day period, is covered. This 
gives for each storm of not more than five days duration a series of 
as many maps as the number of days included in the storm period. 
For storms of more than five days the mapping was confined to the 

five consecutive days of maximum rainfall. 

132 
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Fourth, on each map, using the platted figures like elevations on a 
topographic map, Unes of equal rainfall, — ^the so-called isohyetals or 
rainfaU contours, — are carefully drawn. To cover all the days of the 
storms used for this study, 114 such maps were required. These 
maps have been combined, so far as seems possible without becoming 
confused with each other, and are reproduced on 36 charts of one- 
tenth the original scale, figures 58 to 93, accompanied by a discussion 
of their individual characteristics. 

The fifth step in the study is to measure with a planimeter the 
area contained within each isohyetal shown on the storm rainfall 
maps. All these measurements are shown in the tables in the appendix. 
Sixth, the average depth of rainfall over the area within each isohyetal 
is calculated. The exact method of carrying out this calculation is 
explained in a later chapter, and all the results of the calculations are 
shown in the appendix. 

Seventh, on coordinate paper a curve, here designated a time-area^ 
depth curve, is platted using the results obtained from each map, 
platting as coordinates the area in square miles contained within 
each isohyetal and the average depth of precipitation in inches over 
such area. Thus, there are as many time-area-depth curves as there 
are storm precipitation maps. These curves, arranged in two groups 
according to the geographical location of the storms, and accompanied 
by discussion of certain storm features which there become apparent, 
are reproduced in figures 94 to 103. 

To assemble the data, draw and measure a map, and derive the 
corresponding time-area-depth curve required on the average one 
man's time for about 2| days. This should be multiplied about 114 
times to obtain the results shown in this chapter. 

DESCRIPTIONS OF INDIVIDUAL STORMS 

In the following pages are given in condensed form, by means of 
charts and brief notes, the principal features of the more important 
storms. The rainfall for the successive periods of maximum pre- 
cipitation is shown for each storm by means of small isohyetal maps 
reproduced from the maps used in determining the time-area-depth 
relations. In order to save space each chart shows isohyetal maps for 
several storms. For instance, the first map, figure 58, shows the 
maximmn l^iay precipitation for three storms, namely, that of 
December 17-20, 1895, over portions of Oklahoma, Missouri, and 
Illinois; that of March 22-23, 1897, over portions of Alabama and 
Georgia; and that of April 15-17, 1900, over portions of Louisiana, 
Mississippi, and Alabama. 
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Because of the small scale it was impossible to reproduce all of 
the isohyetals and maintain clearness. Only the even numbered lines 
could be shown, and at some of the centers of excessive precipitation 
some of these had to be eliminated. Thus, the rainfall center in Texas, 
figure 64, had to be limited above 14 inches to the 20-inch, 25-inch, 
and 30-inch isohyetals, and a sUght distortion of the Unes was then 




FIG. 58.-T-RAINFALL MAP FOR MAXIMUM DAY, STORMS OF 
DECEMBER 1895, MARCH 1897, AND APRIL 1900. 

required to bring them out with clearness. Where it was necessary 
to omit one or more even numbered isohyetals, the maximum rainfall 
at the peak is shown just beneath the peak letter. It will be seen from 
the above statement that low storm peaks, which are shown on the 
original large scale maps by only one contour, and this an odd num- 
bered one, will not appear on the small scale reproductions. 
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Figure 59 shows the rainfall distribution during the maximum 2-day 
period for the storms shown in figure 58, and also for the storm of 
October 3-4, 1869, in the New England states. The nature of the 
data available for the latter storm did not permit of platting the 
maximum 1-day rainfall. It will be noted from an inspection of the 




FIG. 59.— RAINFALL MAP FOR MAXIMUM 2 DAYS, STORMS OF 
OCTOBER 1869, DECEMBER 1895, MARCH 1897, AND 

APRIL 1900. 

dates shown in figures 58 and 59 that the 2-day period of maximum 
rainfall includes, in addition to the day of maximum precipitation, 
either the day following or preceding it, depending upon which gives 
the greater sum. This is in accordance with the rules for selecting 
such periods. 
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Figures 60 and 61 show successively the rainfall distribution for 
the maximum 3-day and 4-day periods for such of the storms shown in 
figures 58 and 59 as had that many days of excessive precipitation. 
Figures 62 to 93 show in a similar manner the rest of the 33 great 
storms. On account of the manner of reproduction it was not found 




FIG. 60.— RAINFALL MAP FOR MAXIMUM 3 DAYS, STORMS OF 

DECEMBER 1895, AND APRIL 1900. 

convenient to place the maps in exact chronological order, although 
that is the general arrangement. 

In a few cases the areas covered by adjoining storms overlapped 
slightly, without, however, causing confusion, the lapping isohyetals 
being indicated by broken hues. In nearly all cases it was found 
necessary to generalize the isohyetals and to eliminate some of the 
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lesser rainfall centers, or peaks, because of the small scale of publi- 
cation. All of the important features, however, have been carefully 
preserved. 

The areas inclosed between isohyetals, and the average rainfall 
over these areas, will be found listed in the tables in the appendix. 




FIG. 61.— RAINFALL MAP FOR MAXIMUM 4 DAYS, STORM OF 

DECEMBER 1895. 

The principal rainfall centers can be identified readily in the tables 
and on the charts by means of the capital letters. Unless the reader 
is careful to compare the maps and time-area-depth tables for the 
same storm period, he may be confused by the fact that a principal 
storm center does not always bear the same capital letter for different 
storm periods. Thus a principal center may be lettered A on the 
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1-day map, and B on the 2-day map. It would have been awkward 
and difficult to maintain uniformity in this respect on account of the 
shifting, different rates of growth, and the appearance and disappear- 
ance of centers in the development of many storms. 

Brief notes concerning the principal storms charted are given, 
describing points of special interest. No uniform treatment has been 
attempted since the data relating to different storms varies materially 
with the nature of the storm, the character of the country affected, 
and the extent of dependable records and reports. Notes pertaining 
to floods resulting from the storms have been added wherever the in- 
formation seemed of sufficient interest. It will be noted that, of the 
33 storms described, at least 14 are known to have caused maximum 
recorded floods on one or more rivers. 

Storm a, October 3-4, 1869 

This storm is of pecuUar interest in that it is the largest on record 
in the New England states within the last 50 years, and also because 
it extended the farthest north of any of the great storms considered in 
this report. No less than 155 station records of this storm are avail- 
able. Four of these are from Canada. The map in figure 59 shows 
the rainfall for the entire storm period which covered parts of two 
calendar days. No data was available for plotting a 24-hour rainfall 
map. 

The greatest measured rainfall was at Canton, Conn., near Hart- 
ford, where the total was 12.35 inches. A number of reports indicate 
over 8 inches in less than 36 hours. At Springfield, Mass., 8.05 inches 
fell in 25 hours and 15 minutes; at Middletown, Conn., one gage reader 
reported 8.90 inches in a little over 37 hours. At the fort at Willet's 
Point, N. Y., 7.85 inches fell in 25 hours. 

This storm resulted in severe floods throughout New England. 
The Connecticut River experienced the highest stage in a century 
caused by rainfall alone, and registered 26.3 feet at Hartford. This 
has been exceeded only by spring floods resulting from combinations 
of melting snows and rains. 

The reader should compare this storm with that of July 12-14, 
1897, figures 71 to 73, which occurred in the same region but did not 
cover so vast an area. The other New England storms for which 
data are available are of lesser magnitudes. Examples are that of 
August 7-9, 1874, which affected principally the Connecticut coast 
region, but was not felt to any great extent in the interior; and that 
of Feb. 10-14, 1886, over portions of Rhode Island and Connecticut. 

The foregoing indicates that storms of great intensity and covering 
large areas are comparatively rare occurrences in the New England 
states. 
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A thorough discussion of this storm, accompanied by records of the 
precipitation at a large number of stations and a map showing the 
distribution of the rainfall, was prepared by James B. Francis and 
published in the Transactions of the American Society of Civil En- 
gineers, Volimae 7, 1878, pp. 224r-235. Much of the data here pre- 
sented for this storm was taken from the article by Mr. Francis. 




FIG. 62.— RAINFALL MAP FOR MAXIMUM DAY, STORMS OF 
JULY 1887, MAY 1894, JUNE 1899, AND SEPTEMBER 1905. 

Storm 6, July 27-31, 1887 

The West Indian hurricane which gave rise to this storm, pro- 
gressed over the Caribbean Sea in a northwesterly course, until in 
the Gulf of Mexico it passed the 92d meridian. Its center then moved 
quite suddenly northeastward, reaching the Alabama coast on the 
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27th, after which its progress became slow and its course erratic. 
From Alabama it progressed eastward into Georgia, thence westward 
again across Alabama into Mississippi where it dissipated. The 
rainfall which accompanied it was especially heavy in Georgia and 
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FIG. 63.— RAINFALL MAP FOR MAXIMUM 2 DAYS, STORMS OF 
JULY 1887, MAY 1894, JUNE 1899, AND SEPTEMBER 1905. 

eastern Alabama, see figures 62 to 66. At Union Point, Ga., 16.50 
inches fell July 28-30, being the maximimi 3-day record for quadrangle 
9-H, see figure 40. At Athens, Ga., 12.63 inches fell July 28-31, and 
at Washington, Ga., 12.41 inches fell during the same period. In 
Alabama 11.20 inches fell on the 27th and 28th at Opelika. 

The rivers of Georgia rose to extremely high stages and inflicted 
great damage. The Savannah River registered 34.5 feet at Augusta 
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on July 31, and inundated the city. This is within 3.3 feet of the 
record stage caused by the storm of August 24r-26, 1908, figures 76 
to 78, described later. 

Storm c, May 3 1- June 1 , 1889 

This storm at first developed two distinct precipitation centers, 
figures 71 and 72. The principal one covered the central portions of 




FIG. 64.— RAINFALL MAP FOR MAXIMUM 3 DAYS, STORMS OF 
JULY 1887, MAY 1894, JUNE 1899, AND SEPTEMBER 1905. 

Pennsylvania and Maryland, and the smaller one was on the border- 
line between Virginia and West Virginia. The actual duration of 
rainfall did not exceed 36 hours at most points. 

Though usually spoken of as the storm that caused the Johnstown 
disaster, it should not be inferred that its effect was felt to any great 
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extent in the basin of the Allegheny River. With the exception of the 
Kiskiminetas River, on the headwaters of which Johnstown is located, 
none of the streams west of the Alleghenies experienced unusual 
floods. At Pittsburgh the Ohio River exceeded ordinary flood stage 
by only 2 feet. The storm was more severe east of the mountains, 



FIG. 65.— RAINFALL MAP FOR MAXIMUM 4 DAYS, STORMS OF 
JULY 1887, MAY 1894, JUNE 1899, AND SEPTEMBER 1905. 

over the drainage basin of the Susquehanna and Potomac Rivers, 
causing the greatest flood flow in more than a century on these two 
streams, and also on the West Branch of the Susquehanna River, and 
on the Juniata River. 

The reader should compare this storm with the one of May 18-22, 
1894, figures 62 to 66, which approaches it in intensity though not 
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covering the same area, but which caused the second greatest flood 
in the main Susquehanna River. 

Storm 10, May 18-22, 1894 

Heavy rains fell over eastern Pennsylvania and New Jersey on 
May 19 and 20, followed by still heavier precipitation on the 21st and 




FIG. 66.— RAINFALL MAP FOR MAXIMUM 5 DAYS, STORMS OF 
JULY 1887, MAY 1894, JUNE 1899, AND SEPTEMBER 1905. 

22d, see figures 62 to 66. On the latter two days, centers of heavy 
rainfall formed in southwestern and in northern Pennsylvania. The 
area covered by hghter rains during this storm was quite extensive, 
including parts of Tennessee, Ohio, New York, and New England. 
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At more than 11 localities in Pennsylvania and New Jersey over 
6 inches fell in one day. During the period May 18-22 there fell at 
Quakertown, Pa., 9.36 inches; at West Chester, Pa., 9.87 inches; 
at Moorestown, N. J., 9.39 inches. At West Chester 9.03 inches feD 
on the 20th and 21st. 

This storm was responsible for high river stages. The Susquehanna 
River at Harrisburg, Pa. registered 25.6 feet on May 22, approaching 
the record stage caused by the storm of 1889. 

Storm 13, September 24-26, 1894 

This storm was caused by a tropical hurricane the center of which 
moved in a northwesterly direction over Haiti and Cuba, then changed 
to a northerly course passing over the Florida peninsula and up the 
Atlantic coast. It was accompanied all along its path by high rates 
of precipitatiop. The storm area covers the Florida peninsula and 
the coastal regions of Georgia and South Carolina, figures 67 to 69, 
and probably extended over the ocean for many miles. At 12 stations 
in Florida the rain exceeded 9 inches during the two days of maxunum 
rain. The greatest depth was at Clermont, Fla., where 12.50 inches 
was recorded on the 25th and 26th, and a total of 12.76 for the storm. 
At Federal Point 11.25 inches fell on the 25th and 26th; at Gainesville, 
Fla., 11.81 inches fell on the same dates; at Grassmere, Fla., 10.89 
inches fell on the 25th and 26th; at Hypoluxo, Fla., 10.40 inches fell 
on the 24th, and 11.98 inches on the 24th and 25th. During the period 
Sept. 24-26 there fell at Kissimmee, Fla., 11.95 inches; at New 
Smyrna, Fla., 11.07 inches; and at Jacksonville, Fla., 11.05 inches. 

Storm 15, December 17-20, 1895 

This storm was remarkable for the evenness of its rainfall distri- 
bution, see figures 58 to 61. The precipitation covered an enormous 
scope of country, extending from northeastern Texas to southern 
Michigan. The heaviest precipitation occurred over Missouri where 
the following records were obtained. At Phillipsburg 6.95 inches fell 
between 5 p. m. of the 17th and 5 p. m. of the 18th, the total fall 
amounting to 12.20 inches. At Sarcoxie 9.03 inches fell on the 18th 
and 19th. Over large parts of Lawrence and Callaway counties the 
rain exceeded 9 inches in depth. 

From 5 to 6 inches of rain fell in less than two days over the entire 
drainage area of the Illinois River, causing a sudden rise but no 
unusual flood stage. This is of interest inasmuch as some of the great 
floods in the Illinois River, notably those of May 1892, April 1904, and 
March 1913, all of which exceeded by far that of December 1895, 
were caused by less rainfall. The condition of the soil was the govern- 
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ing factor. In 1895 the rain was accompanied by a thaw which took 
the frost out of the ground and permitted considerable absorption to 
take place. The 15 months preceding this storm were the driest 
months of a long .period of drouth, which is said to have been the 
severest in the history of Illinois. The other storms referred to all 
fell on partly saturated ground, and in some instances found the rivers 
already swoUen as the result of previous rains. 

The storm of December, 1895, was responsible for disastrous floods 
in Missouri. The Osage River attained the highest stages since the 
memorable flood of 1844. The Sack, Spring, Gasconnade, Meramec, 
and Cuivre Rivers, and many lesser streams in Missouri also experi- 
enced serious floods and inflicted great damage. 

Storm 24, March 22-23, 1897 

Heavy and general rains prevailed during March, 1897, through- 
out the south Atlantic states, causing high rates of runoff in all the 
streams of that section. In some localities rain began on the .2d, 
and with slight intermission continued until the 23d. The rainfall 
for the two days, March 22 and 23, was especially heavy and con- 
centrated, see figures 58 and 59. At Newton, Ala., 10.29 inches fell 
on the 22d, being the greatest 24-hour rainfall on record in quadrangle 
lO-I, see figure 38; at Fort Gaines and Morgan, Ga., respectively, 
11.26 and 11.50 inches fell on the 22d and 23d. The latter is the 
maximum on record for 2-day rainfall in quadrangle 9-1, figure 39. 

As a result of these rains the Chattahoochee River at Eufaula, 
Ala., on the 24th reached a stage of 50 feet, the highest since March 
28, 1888, when 56 feet was recorded. The Alabama River reached 
41.5 feet at Selma, Ala., on the 26th. 

Storm 25, July 12-14, 1897 

This was a New England storm of comparatively short duration, 
most of the rain falling in from 30 to 36 hours. Its greatest intensities 
were recorded in western Connecticut and Massachusetts, though 
lesser rains covered most of the other New England states, see figures 
71 to 73. The largest amount of rainfall was recorded, according to 
Weather Bureau data, at Southington, Conn., where 10.30 inches 
fell in 33 hours on the 13th and 14th. Three other stations in Con- 
necticut recorded over 9 inches in 3 days. The Connecticut River 
at Hartford reached 20.8 feet on the 16th, a high though not extra- 
ordinary stage. There is some analogy between this storm and that 
of October 3 and 4, 1869, figure 59. 

10 
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Storm 43, June 27- July 1, 1899 

This storm, according to an account in Monthly Weather Review 
of July, 1899, appears to have resulted from a semi-tropical hurricane 
which moved northward from the central portion of the Gulf of 
Mexico. It caused a high tide at Galveston. The storm passed 
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FIG. 67.— RAINFALL MAP FOR MAXIMUM DAY, STORMS OF 
SEPTEMBER 1894, MARCH 1902, AUGUST 1903, AND 

OCTOBER 1903. 

inland during the night of June 26, its energy greatly diminishing as 
it progressed. Practically all of the rainfall was confined to the 
state of Texas, see figures 62 to 66, very heavy rains occurring over 
the drainage basin of the Brazos River. 
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During the 72 hours ending 8 a. m., June 30, a depth of rainfall 
was recorded at Brenham of 19.99 inches, which is the maximum 3-day 
rainfall record for quadrangle 15-J, see figure 40. During the same 
period the rainfall at Cuero was 12.86 inches and at Hewitt, 14.95 
inches. On the 28th the rain gage at Hearne overflowed at 24 inches, 
the observer estimating a fall of from 30 to 40 inches during a period 




FIG. 68.— RAINFALL MAP FOR MAXIMUM 2 DAYS, STORMS OF 
SEPTEMBER 1894, MARCH 1902, AUGUST 1903, AND 

OCTOBER 1903. 

of less than 24 hours. At Hallettsville 12.00 inches fell on June 27-29 
and at Sugarland 16.00 inches fell on June 27-30. 

Precipitation of 33 inches for the maximum period of 3 days was 
unofficially recorded at Turnersville. Upon inquiry as to the reli- 
ability of this record, P. C. Day, Climatologist and Chief of Division 
of the U. S. Weather Bureau, wrote: 
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With regard to Tumersville I will state that the Weather Bureau had no observer 
at that place during the period in question; however, a station was opened there a 
few months later, and the gentleman who became observer, Mr. James J. M. Smith, 
reported by special letter as follows: On the morning of June 29, 1899, he measured 
1 1 inches of water in his gage and states that it had run over during the night, amount 
of loss not known. On the morning of the 30th he again measured 11 inches in his 
gage, and says that it had again run over, amount of overflow imknown. On the 
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FIG. 69.— RAINFALL MAP FOR MAXIMUM 3 DAYS, STORMS OF 
SEPTEMBER 1894, MARCH 1902, AND AUGUST 1903. 



morning of July 1 he again measured 11 inches, making a total fall during 90 hours 
of 33 inches, measured. He advises also that these amounts correspond with those 
made in various receptacles by others in his vicinity, one case being reported where a 
tank 12 inches deep and covered with slats 3 inches wide, with openings of J inch 
between slats, was found full of water which had fallen during the 24 hours from 
7 a. m. of the 28th of June to the same hour on the 29th. 
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This storm caused the most extensive floods ever known in the 
Brazos River, though previous highwater marks were exceeded only 
in places. The valley of the Brazos was flooded to a great width, 
varying from 2 miles in McLinnan County to 25 miles near the mouth. 
The crest of the flood was 17 days in passing from Waco to the mouth, 




FIG. 70.— ^NFALL MAP FOR MAXIMUM 4 DAYS, STORMS OF 

MARCH 1902 AND AUGUST 1903. 

a distance of about 285 miles. The damage was estimated at over 
$8,000,000, and 24 Uves were lost. 

Storm 49, April 15-17, 1900 

The area of low barometric pressure which accompanied this 
storm was central over northern Oklahoma, and moved slowly to the 
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Lake region, causing extraordinary rains in Louisiana, southern 
Mississippi, and western Alabama, see figures 58 to 60. In Mississippi 
the rainfall was in places greater than ever before recorded. 

Severe and disastrous floods occurred on the rivers of western 
Alabama and southern Mississippi. The Alabama, Tombigbee, and 
Black Warrior Rivers reached extremely high stages. On April 18 
the Black Warrior rose to 71.1 feet at Tuscaloosa, Ala., the highest 
recorded stage at this place. The Pearl and Black Rivers were very 
high and caused extensive damage and the loss of several lives. 

Some of the 24-hour amounts recorded in Mississippi are: Bay 
St. Louis, 8.77 inches on the 17th; Fayette, 9.25 inches on the 16th 
and 12.50 on the 15th and 16th; Natchez, 6.75 inches on the 17th and 
12.75 on the 16th and 17th; Port Gibson, 7.64 inches on the 17th; 
Meridian, 6.85 inches. At the latter place 10.57 inches of rain fell 
from 12:50 p. m., April 15, to 8:10 a. m., April 17, a period of 43 hours 
and 20 minutes. At Windham 10.80 inches fell on the 16th; at 
Demopolis, Ala., 9.00 inches fell on the 17th; and at Eutaw, Ala., 
12.65 feU on the 16th, with a total of 13.90 on April 15-17. The 
rainfall at the latter station furnished the records for 1-day, 2-day, 
and 3-day precipitation in quadrangle ll-I, see figures 38 to 40. 
Other high records in Ala. were 8.25 inches on the 16th at Greensboro; 
11.80 inches on the 17th at Livingston; and 8.75 inches on the 16th 
at Pushmataha. 

Storm 51, July 14-16, IIHX) 

The principal center of excessive precipitation in this storm was 
in the northwest corner of Iowa, near Primghar, where a total of 
13.70 inches fell, of which 13.00 inches fell on the 14th and 15th. 
This is the record for 2-day precipitation in quadrangle 15-C, see 
figure 39. 

Another less important rainfall center formed in southeastern 
South Dakota, where at Yankton, 8.07 inches fell on the 14th and 
15th, with a total of 9.62 inches for the entire storm period, see figures 
71 to 73. Fairly heavy rains fell on the 16th in southeastern Minne- 
sota arid portions of Wisconsin. On the whole, the storm is con- 
spicuous among those here listed because of the compaAtively small 
area covered by heavy rainfall. 

Storm 63, March 26-29, 1902 

As will be seen by reference to figures 67 to 70, this storm had 
three distinct areas of heavy precipitation, situated approximately 
in as many states. The largest of these was over Mississippi, the 
next largest over Tennessee and northern Mississippi, and the smallest 
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was over the center of Alabama. Compared with other storms 
described in these pages, the amounts of rain which fell during this 
storm are large but not extraordinary. Rates of runoff, however, 
were high throughout the area affected because of the previously wet 
condition of the soil. The Duck River, a tributary of the Tennessee 
River, experienced the highest stages in half a century, reaching 45.6 
feet on the gage at Columbia, Tenn., on March 30. The Cumberland 
River rose to 65.0 feet at Burnside, Ky., the highest stage on record. 
The Tennessee River and the rivers of Alabama attained high stages. 
In Mississippi the Pearl River exceeded all previous records on March 
31 with a stage of 36.0 feet at Jackson, and 29.0 feet at Edinburg. 
At Burnside, Miss, where the highest record is 62 feet, March 31, 
1886, and the danger stage 50 feet, the stage on March 30, 1902, was 
58.9 feet. 

Storm of May 16-31, 1903 

This storm is mentioned here as an example of protracted rains, 

over vast areas, which are capable of bringing about extraordinary 

floods, without, however, possessing those characteristics which bring 

them within the definition of great storms as adopted in this report. 

This storm covered Kansas, Oklahoma, Arkansas, and portions of 

Nebraska, Iowa, and Missouri. Rain fell for a period of 17 days 

with occasional interruptions. The precipitation from May 16 to 21 

was comparatively light, the heavier rains occurring between the 22d 

and 31st of May. The heaviest rainfall was reported at Concordia, 

Kansas, where 3.68 inches fell on the 29th, and 10.59 inches, during 

the period May 16-31. At several other points amounts in excess 

of 8 inches for the entire period were recorded. Over the balance of 

the 200,000 square miles affected, the rain averaged between 3 and 6 

inches in 15 days. 

The first half of May had ako been very wet, and had caused the 
streams to rise above normal stages. This circumstance had an 
important bearing on the extraordinary flood conditions which fol- 
lowed the rains during the second half of May. About the 28th 
all streams in Missouri, Iowa, Nebraska, Kansas, and Oklahoma were 
out of their banks. The Kansas River reached the highest stages in 
its history on May 31, with a gage reading of 29.50 feet at Lecompton, 
and 32.7 feet at Topeka, Kans. On June 1 the Missouri River at 
Kansas City, Mo., rose to 35.0 feet, the highest stage in its 45-year 
gage record and only 3 feet lower than the historic flood of June 20, 
1844. The Mississippi River at St. Louis on June 10, 1903, crested 
at 38.0 feet, the third highest record in more than 130 years. Other 
rivers which reached record stages were the Des Moines River in 
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Iowa; and the Republican and Smoky Hill Rivers in Kansas, both 
tributaries of the Kansas River. 




FIG. 71. —RAINFALL MAP FOR MAXIMUM DAY, STORMS OF 
MAY 1889, JULY 1897, JULY 1900, AND NOVEMBER 1906. 

The existing records relating to the memorable flood of 1844 in 
the Mississippi Valley indicate that very probably it was caused by 
widespread rainfall similar in character to the precipitation of the 
latter half of May, 1903. 

Storm 72, August 25-28, 1903 

This storm was central in southern Iowa, and extended partly 
into eastern Nebraska and northern Missouri. The areas of heavy 
precipitation were confined to a comparatively narrow belt, as will 
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be seen by reference to figures 67 to 70. The storm was remarkable 
for the intensity of precipitation reported at a number of stations in 
Iowa. At Afton 9.30 inches fell on the 27th and 10.37 inches on Aug. 
25-28; at Woodburn 15.53 inches fell on August 26-28, this being the 
maximum 3-day rainfall record for quadrangle 14r-T>, see figure 40. At 




FIG. 72.— RAINFALL MAP FOR MAXIMUM 2 DAYS, STORMS OF 
MAY 1889, JULY 1897, JULY 1900, AND NOVEMBER 1906. 



Corning 11.87 inches fell during the same period, which likewise is the 
maximum 3-day record for quadrangle 14^E. On the 27th 10.88 
inches fell at Hopeville, 11.22 inches at Chariton, and 9.25 inches at 
Allerton. At Council BlulBfs 8.30 inches fell on the 26th and 10.18 
inches on the 26th and 27th; these are respectively the maximum 
1-day and 2-day records for quadrangle 15-D. The larger streams 
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experienced no unusual flood stages, owing to the peculiar geographic 
distribution of the rainfall. 



Storm 76, October 8-9, 1903 

This storm, shown in figures 67 to 68, covered but a small area in 
the northeastern United States, part of it having extended over the 
Atlantic Ocean. It was responsible for the greatest flood in 300 years 
on the Delaware River, caused by rainfall alone, being approached 




FIG. 73.— RAINFALL MAP FOR MAXIMUM 3 DAYS, STORMS OF 
JULY 1897, JULY 1900, AND NOVEMBER 1906. 

only by those of October 6, 1786, and January 8, 1841. It also caused 
the greatest floods on record on the Passaic River in New Jersey, 
and on the Lackawanna River in Pennsylvania. Along these rivers 
the damage was particularly severe. 



STORM RAINFALL OF EASTERN UNITED STATES 



155 



Storm 83, June ^-10, 1905 

Compared with the large areas in Iowa, Illinois, and Indiana, which 
received only from 1 to 2 inches of precipitation, the areas covered 
by intense rains during this storm were small. Most of the rain fell 
between 8.30 p. m. of June 9, and 8:30 p. m. of June 10. The center 




FIG. 74.— RAINFALL MAP FOR MAXIMUM 4 DAYS, STORM OF 

NOVEMBER 1906. 

of the area of greatest rainfall was at Bonaparte, Iowa, where 12.10 
inches fell in about 12 hours. This is the record for 24-hour rainfall 
in quadrangle 13-E, see figure 38. Although the period of storm 
rainfall comprised parts of two calendar days, its short duration did 
not render it advisable to draw a separate map for each day. Figure 
76 shows the distribution of rainfall for the entire storm period. 
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This storm caused the notable flood of June 10 in Devils Creek, 
a small Iowa stream draining into the Mississippi River below Fort 
Madison. Its maximum rate of flood discharge appears to have 
exceeded 500 second feet per square mile from an area of 145 square 
miles. The Des Moines River at Keosauqua, Iowa, rose nearly 19 




FIG. 75.— RAINFALL MAP FOR MAXIMUM 5 DAYS, STORM OF 

NOVEMBER 1906. 

feet. The Mississippi River experienced a sudden local rise, registering 
18.4 feet at Keokuk on the 10th, which is about 2.5 feet less than the 
record flood stage of June 6, 1851, at that place. 

Storm 86, September 15-19, 1905 

Heavy rains fell in Missouri and southern Illinois from September 
15 to 17, and were followed by lighter rains on the 18th and 19th, 
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figures 62 to 66. At Boonville, Mo., 12.98 inches fell in the period 
September 15 to 19, of which 6.70 inches fell on the 17th. The 12.98- 
inch record is the maximum 5-day rainfall for quadrangle 13-F, see 
figure 42. At Chester, 111., 8.06 inches fell in 20.5 hours on the 16th 
and 17th. 

This storm was notable for the unusually quick rises in the streams 
which were affected by it. A number of rivers in Missouri experienced 
destructive floods, among them the Meramec and the Gasconnade. 
The Missouri River itself rose above danger line from Boonville to 
Hermann, Mo., and was instrumental in swelling the Mississippi 
River over 10 feet in 24 hours, causing it to reach a stage of 30.2 feet 
at St. Louis on September 21. Although considerable damage was 
done by inundation along these rivers, no unprecedented stages were 
reported, and the flood crest in the Mississippi flattened out below 
Cairo to small proportions. 

Storm 93, November 17-21, 1906 

This storm caused excessive rainfalls over western Tennessee, 
northern Mississippi, and eastern Arkansas, from the 16th to the 21st, 
figures 71 to 75. At many points the rainfall recorded was considered 
the heaviest known. The Tennessee, the Little Tennessee, the 
Hiwassee, and the Clinch River, all rose to high stages and inflicted 
much damage. About twenty lives were lost. 

Storm 102, July 28-August 1, 1908 

This storm was of tropic origin but was devoid of severity except 
at a few places. As will be noted from figures 76 to 80, the area af- 
fected did not extend far inland, the principal rains occurring in 
Louisiana. This is the more remarkable since the storm lasted 5 days. 
At Franklin, La., 17.62 inches fell in the 3 days July 29 to 31, of which 
9.60 inches fell on July 30. 

Storm 103, August 24-26, 1908 

Widespread rains occurred over the south Atlantic states on Aug. 
24, 25, and 26, 1908. These were accompanied by heavy downpours 
over portions of Georgia, and North and South CaroUna, see figures 
76 to 78. In 3 days 14.75 inches fell at Carlton, Ga., and 14.14 inches 
at Greenville, S. C. At Anderson, S. C, 14.31 inches fell in 3 days, 
of which 11.65 inches fell on the 25th. At Monroe, N. C, 15.58 
inches fell in 3 days. In the main, however, the rain was distributed 
quite evenly. The damage done to standing crops and to property 
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along streams was incalculable. Heavy rains on the 19th and 21st 
of August had partly saturated the soil in many places, and the runoff 
following this storm was, therefore, very great. On many of the 
south Atlantic coast streams occurred the highest stages at that time 
on record. Some of these stages have since been exceeded following 




FIG. 76.--RAINFALL MAP FOR MAXIMUM DAY, STORMS OF 
JUNE 1905, JULY 1908, AUGUST 1908, OCTOBER 1908, JUNE 

1909, AND OCTOBER 1910. 



the storms of July 1916 in the Appalachian region, described subse- 
quently. The Savannah and Santee Rivers experienced the most 
destructive floods in their histories, the Savannah at Augusta, Ga., 
exceeding the great flood of Sept. 11, 1888, by 0.1 foot. The crest 
stage of 38.8 feet on August 27 is the highest on record in a century. 
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At Calhoun Falls, S. C, the crest stage was 28.2 feet, also the highest 
on record. 

The Congaree River at Columbia, S. C, attained its record stage 
on Aug. 27 with 35.8 feet; the Great Pee Dee River at Cheraw, S. C, 




FIG. 77.— RAINFALL MAP FOR MAXIMUM 2 DAYS, STORMS OF 
JULY 1908, AUGUST 1908, OCTOBER 1908, JUNE 1909, AND 

OCTOBER 1910. 



with 44.3 feet on Aug. 27; the Saluda River at Pelzer, S. C, with 
25.6 feet on Aug. 25, and at Chappels, S. C, with 34.7 feet on Aug. 26. 
In North CaroUna the Cape Fear^River reached a stage of 68.7 feet 
at Fayetteville on Aug. 29, the highest ever recorded. 
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Storm 105, October 20-24, 1908 

This storm extended in a northerly direction from southern Okla- 
homa to Minnesota over a distance of about 700 miles, see figures 
76 to 80. The south to north trend of its axis differs rather strikingly 
from the usual southwest to northeast direction taken by storms in 







storm of July 28'Aug.fJ908l^ 
Max. 3 -Days July 29-51 ' 



FIG. 78.— RAINFALL MAP FOR MAXIMUM 3 DAYS, STORMS OF 
JULY 1908, AUGUST 1908, OCTOBER 1908, JUNE 1909, AND 

OCTOBER 1910. 



that section of the United States. This was not due to any progressive 
movement of the storm center, however, the rains occurring almost 
simultaneously over the entire slorm area. The greatest rainfall 
intensities were observed in Oklahoma. At Meeker, Okla., 16.23 
inches fell in 5 days, of which 10.00 inches fell on the 20th. This 
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establishes the record for heavy precipitation in quadrangle 15-G, 
see figure 38. In the adjacent quadrangle 16-G this storm also 
established the maximum record, with 8.95 inches on the 23d, and a 
total of 14.88 inches in 6 days at Norman, Okla. Four other points 
in Oklahoma reported over 11 inches in 6 days. Serious floods re- 
sulted in Oklahoma, and great damage was done to railroads, bridges, 
and crops. 




storm of OctiO-di/m 



^ Storm ofJ^r^ 25V«//k3./SJ^ 



Storm of Ju(y 28'Auff:kf90a 



FIG. 79.— RAINFALL MAP FOR MAXIMUM 4 DAYS, STORMS OF 
JULY 1908, OCTOBER 1908, AND JUNE 1909. 



Storm 108, June 29- July 3, 1909 

This storm was not caused by any tropical disturbance, but appears 
to have been the result of a cyclonic movement over the northern 
part of Florida. Extraordinary rains fell over the central and northern 

11 
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counties of that state, see figures 76 to 80. The greatest recorded 
24-hour rainfall was 12.00 inches on July 2 at Rockwell. The total 
rainfall recorded at this station in 4 days was 16.77 inches. At 
Tarpon Springs, on the west coast, 11.09 inches fell on the 30th and 




FIG. 80— RAINFALL MAP FOR MAXIMUM 6 DAYS, STORMS OF 
JULY 1908, OCTOBER 1908, AND JUNE 1909. 

17.86 inches in 5 days; and at Avon Park, in the interior, 16.06 inches 
were recorded in 6 days. No large streams were affected by this 
storm. 

Storm 109, July 5-7, 1909 

Heavy rains occurred on the above dates in eastern Kansas, north- 
ern Missouri, southern Iowa, and central Illinois, but the areas affected 
by great intensities of precipitation were not extensive, figures 81 to 83. 



STORM RAINFALL OF EASTERN UNITED STATES 163 

A small center of very high rainfall formed in central Missouri, near 
Bagnell, where 11.76 inches fell in 4 days, of which 7.91 inches fell 
on the 6th, this being the record for 24-hour rainfall in quadrangle 
13-F, see figure 38. In northern Missouri a similar downpour, 
amounting to 11.23 inches in 3 days, was reported at Bethany. 

The storm was of short duration but caused, nevertheless, rapid 
rises in the rivers, having been preceded by wet weather which began 
on June 29. The Grand River in northwestern Missouri attained 
unusually high stages, flooding much land. Its discharge affected the 
Missouri, which at the time was bank full, due to a combination of 
melting snows and rain, and caused it to inundate vast areas. Other 
rivers seriously affected were the Neosho and the Marais des Cygnes. 
This storm contributed materially to the Missouri River floods which 
inundated the low lying districts of Kansas City and St. Louis. 

Storm 110, July 20-22, 1909 

This storm covered the region west of Lake Superior as shown 
in figures 81 to 83, on the 19th to 22d, and produced unusually high 
rainfall intensities for this section of the United States. At Ironwood, 
Michigan, on the 21st, 6.72 inches fell, which at that time was the 
greatest 24-hour rainfall record in Michigan. Destructive floods 
resulted on a number of streams. 

Storm 114, October 4-6, 1910 

In intensity as well as in distribution this storm ranks as one of 
the severest on record in the eastern United States. It covered the 
lower Ohio River and a portion of the Mississippi River valley, 
extending from western Arkansas to northeastern Ohio. The distri- 
bution of rain for the 3 days of maximum precipitation is shown in 
figures 76 to 78. It conunenced during the night of October 3 and 
continued until the night of the 6th; on the last two days of this 
period it extended northeastward into the Great Lakes region. The 
greatest intensities occurred east of Cairo and in northern Arkansas. 
Cairo reported 10.95 inches of rain between 5 p. m. of the 3d and noon 
of the 6th, the greatest 4-day rain recorded in quadrangle 12-F, see 
figure 41. Marked Tree, Ark., reported 13.99 inches for the three 
days Oct. 4 to 6, which is the maximum 3-day rainfall in quadrangle 
12-G, see figure 40. At Golconda, 111., nearly 8 inches fell in 24 hours 
and 15.24 inches fell in 60 hours, which is the 3-day maximum on record 
in quadrangle 11-F, see figure 40. At Bland ville, Ky., 10.1 inches 
fell in 60 hours. Louisville, Ky., reported 5.06 inches in 24 hours. 
At Cobden, 111., 9.70 inches fell on the 4th and 5th, which is the record 
for 2-day rainfall for quadrangle 12-F, see figure 39. 
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Although many of the Ohio River tributaries experienced very 
high stages, and some of the smaller attained record stages, the Ohio 
itself did not attain flood stage. The dry, absorptive condition of 
the soil, and the low river stages which prevailed before the storm, 
reduced to a marked degree the rates of runoff. The location of the 
centers of great precipitation along the main stream also had much 
to do with the small flood crest in the Ohio. 

Over the Miami River basin the rainfall during the 2 days of great- 
est precipitation averaged about 6 inches, as will be seen by reference 
to figure 77. The resulting maximum stage at Dayton was 16.1 
feet on October 7. The Miami River went out of its banks at many 
points in the valley. High stages were experienced on the Scioto 
and Sandusky Rivers. The rivers most affected, however, were the 
Wabash, the Patoka, and White Rivers, in Indiana, the levees along 
which were washed away in a number of places, resulting in the 
flooding of large areas of farm land. The damage to standing crops 
caused by these floods and by the storm generally was serious and 
widespread. 

A comparison of this storm and that of January 10-12, 1913, 
figures 81 to 83, which covered nearly the same area but occurred at a 
different time of the year, will be found to offer many points of interest. 

Storm 125, July 20-24, 1912 

This storm covered large portions of Wisconsin and Michigan, as 
shown in figure 93, and produced in many locaUties rainfall intensities 
that are extraordinary for these northern latitudes. At Merrill, Wis., 
11.26 inches was recorded in a Uttle less than 24 hours on July 23 
and 24. This is the record for 24-hour rainfall in quadrangle 12-B, 
see figure 38. 

The floods resulting from this storm were very destructive to dams. 
The Prairie River, which joins the Wisconsin River at Merrill, rose 
to a high stage and washed out portions of the dam of the Grandfather 
Paper Mills Co. The volume of water so Uberated caused the partial 
destruction of dams at Merrill, Brokaw, and Wausau, on the Wis- 
consin River, the accumulated waters creating a flood stage of un- 
precedeiited magnitude. At Wausau, Wis., the river reached a stage 
of 15.3 feet on July 23, breaking all records. 

Storm 130, January 10-12, 1913 

The month of January, 1913, was one of the wettest Januaries on 
record in the Mississippi valley. The storm of January 10-12, figures 
81 to 83, was preceded by one on January 5-8, almost as severe, and 
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covering much the same area.' The center of the earlier storm lay- 
somewhat farther east, but the areas of 6 inches of rainfall, and less, 
largely overlapped. At Edmonton, Ky., 7.62 inches fell on the 6th 
and 7th. Some of the high precipitations recorded in Tennessee on 
January 6-8 were, 10.29 inches at Dickson; 6.11 inches at Nashville, 




FIG. 81.— RAINFALL MAP FOR MAXIMUM DAY, STORMS OF 
JULY 5-7, 1909, JULY 20-22, 1909, JANUARY 1913, OCTOBER 

1913, AND OCTOBER 1914. 

6.06 inches of which fell on the 6th and 7th; 7.98 inches at Perryville; 
8.00 inches at Pinewood; and 9.48 inches on the 6th and 7th at 
Worsham. 

It will be seen from this that the saturation of the groimd and 
the bank full condition of the streams, caused by the rains of January 
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5-8, were largely responsible for the destructive floods in many 
streams which followed the rains of January 10-12. High stages 
were recorded on the Cumberland and Kentucky Rivers. The Miami, 
Scioto, and Muskingum Rivers were also affected. The greater 
damage, however, was done in the valley of Green River, Kentucky, 




FIG. 82.— RAINFALL MAP FOR MAXIMUM 2 DAYS, STORMS OF 
JULY 5-7, 1909, JULY 20-22, 1909, JANUARY 1913, OCTOBER 

1913, AND OCTOBER 1914. 

where large areas were inundated. The crest of the flood on Green 
River reached 35.5 feet at Lock No. 2 on January 18, being the highest 
stage on record. 

This storm bears some analogy to that of October 4 to 6, 1910, 
shown in figures 76 to 78, the shapes and extents of the respective 
storm areas being similar. They occurred, however, at different times 
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of the year; and the soil conditions, in each case, influenced to a large 
extent the rate of runofiF, causing it to be higher in the January flood. 

Storm 132, March 23-27, 1913 

The unusual severity of this storm as to duration, rainfall intensity, 
and extent of territory covered, entitle it to be classed as one of the 




FIG. 83.— RAINFALL MAP FOR MAXIMUM 3 DAYS, STORMS OF 
JULY 5-7, 1909, JULY 20-22, 1909, AND JANUARY 1913. 

greatest storms on record in the eastern United States. In point of 
flood damage it is without a parallel. 

Figures 84 to 88 show the area affected by heavy rains. Outside 
of the 2-inch isohyetal a vast area was affected by light rains. A 
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prominent feature of these charts is the even distribution of the 
precipitation and absence of centers of great rainfall intensity. No 
exceptional 24-hour rates were recorded. On the other hand this 
storm established the record for continued rainfall at a number of 
localities. Thus, at Richmond, Ind., 9.47 inches fell on March 24 
and 25, and 11.74 inches in 6 days. The rainfall at Richmond during 
this storm established the record for 2-day, 3-day, 4-day, and 6-day 
rainfall in quadrangle 9-E. At Bellefontaine and Kenton, Ohio, over 
11 inches fell in 6 days. Precipitation amounting to 4 inches or more 
in 24 hours was reported at a number of locaUties in Indiana and 
Ohio. 

The unusual duration of heavy precipitation was brought about 
by the merging of storms accompanying two distinct low pressure 
areas, which occurred almost simultaneously in a low pressure trough 
extending from southwest to northeast. One of these areas progressed 
from Iowa in a northeasterly course across the upper lake region, and 
the other followed it two days later, moving along a parallel route from 
central Arkansas toward Lake Erie. The bulk of the precipitation in 
the lower Ohio basin fell during the 72-hour period, March 24 to 26. 

In the Wabash basin and in the lake region the three days of 
maximum rainfall were March 23, 24, and 25. 

Preceding the storm there had been frequent rains, which, though 
moderate, had brought about a fair state of saturation of the soil. 
The latter was not frozen at the commencement of the storm. The 
rates of runoff which resulted were very high, and in the case of some 
of the basins, were extraordinary. The number of streams which 
exceeded all previous highwater stages are so numerous that it is 
practicable to enumerate here only the more important ones, such as 
the Beaver, Mahoning, Muskingum, Scioto, Olentangy, Little Miami, 
Miami, White River of Indiana, Wabash, Maumee, and Sandusky. 
The inunediate effect of the floods in the northern tributaries of the 
Ohio River was to create the highest stages on record in the Ohio 
River between New Martinsville, W. Va., and Cincinnati, and also at 
Madison, Ind. At other points the Ohio did not reach the 1884 stage. 
The rivers flowing into the Ohio from the south were not seriously 
affected. In this connection a comparison of this storm with that of 
January, 1913, see figures 81 to 83, is of interest. The latter caused 
the greater precipitation over the southern tributary basins, and many 
of these streams attained higher stages than in March, 1913. 

In New York state record floods occurred on the Mohawk and 
upper Hudson Rivers. The damage done by floods in some locaUties 
was extraordinary. The total monetary losses caused by the March 
1913 storm aggregated in the neighborhood of $200,000,000. 
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Storm 135, October 1-2, 1913 

Heavy rains fell in western Texas during the first four days of 
October. The area of greatest precipitation was quite compact, as 
will be seen from figures 81 and 82, which show the fall for Oct. 1 
and 2, the two days of maximiun precipitation. The heaviest 24-hour 
record was at San Marcos, Texas, where 13.03 inches fell on Oct. 2. 
The small isolated rainfall center shown on the charts to the north* 
of the main storm area, was caused by a 24-hour rain of 11.00 inches 
at Waco, Texas, also on Oct. 2. 

High stages occurred on the San Antonio, Guadalupe, Rio Grande, 
and Colorado Rivers as a result of this storm. The Guadalupe broke 
all previous flood records, rising to 3G.7 feet at Gonzales, Tex. This 
was exceeded, however, on December 4 of that year by a 38.1-foot 
stage. 

Storm 144, October 14-lS, 1914 

The heavy rains of October, 1914, in western North Carolina were 
caused by two storm centers coming in close succession from difiFerent 
directions. A large area including parts of Kentucky, Tennessee, 
Virginia, North Carolina, South Carolina, and Georgia received Hght 
rains. In North CaroUna three distinct centers of excessive precipi- 
tation formed, as shown in figures 81 and 82. Taken in order from 
north to south these are at Rock House, Chimney Rock, and High- 
lands. At Rock House 8.80 inches fell on the 15th and 11.00 inches 
during the 3 days October 14 to 16. At Chimney Rock 10.00 inches 
were recorded on the 15th, which is the 1-day maximum for quadrangle 
8-G. At Highlands 8.25 inches fell on the 15th and 9.55 inches during 
the 3 days October 14 to 16. No unusual flood stages resulted from 
this storm. 

Storm ISl, August 17-21, 1915 

This storm was the continuation of the West Indian hurricane 
which devastated Galveston, causing great damage to its causeway and 
to shipping and causing a loss of 275 lives. Its path was similar to 
that taken by the famous hurricane of September 9, 1900, which 
nearly destroyed Galveston. Both of these tropical storms moved in a 
northwesterly direction over the West Indian archipelago in an almost 
direct course for Galveston. On passing inland their courses curved 
northward, and then northeasterly across the Mississippi Valley, 
Great Lakes region, and the St. Lawrence Valley. A comparison of 
the two tracks shows the 1915 storm to have been south of that of 
1900 throughout the gulf region by about 150 miles. Its course over 
the United States was also south of that of the 1900 hurricane, the 
turn from northwest to northeast being sharper than in 1900. 
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The 1916 hurricane passed inland in the early morning of August 17, 
causing excessive rains over all of eastern Texas and a portion of 
Louisiana on the 17th, 18th, and 19th. Recurving to the northeast 
on the 18th it formed a second, large center of precipitation over 
Arkansas, which extended into Oklahoma, Missouri, Illinois, and 




FIG. 84.— RAINFALL MAP FOR MAXIMUM DAY, STORMS OF 
MARCH 1913, DECEMBER 1913, AND JULY 14-16, 1916. 

Tennessee. The larger part of the rain on this area fell on the 19th 
and 20th. 

The storm area consisted, therefore, of two main centers of pre- 
cipitation, connected by a neck, the greater of these areas covering 
all of Arkansas and parts of adjoining states, see figures 89 to 92. The 
rainfall within these areas was exceptionally heavy. At San Augustine 
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in eastern Texas, 19.S3 inches were recorded in the 4 days, August 
16 to 19, establishing the 2-day, 3-day, and 4-day records for excessive 
precipitation in quadrangle 14-1. Other high records in Texas were 
17.95 inches at Rockland, 13.70 inches at Galveston, and 19.37 inches 
at Liberty, all in the 3-day period August 17 to 19. The rainfall at 
Liberty set the record for 3-day, 4^^^ay, &-day, and 6-day rainfall in 
quadrangle 14-J. 



FIQ. 86.— RAINFALL MAP FOR MAXIMUM 2 DAYS, STORMS OF 
MARCH 1913, DECEMBER 1913, AND JULY 14-16, 1916. 

High rates were reported in Arkansas as follows: 11.18 inches at 
Marshall, August 17 to 20; 10.50 inches at Pocahontas, August 18 
to 20; 10.90 inches at Okay, August 18 to 20; 10.08 inches at Center- 
point, August 18 and 19; and 14.80 inches at Hardy, August 17 to 20. 
The latter is the record for excessive precipitation for 2-day, 3-day, 
and 4-day rainfall in quadrangle 13-G. 
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In Missouri 8.18 inches was reported at Oakfield, and 8.20 inches 
at St. Louis, both on August 20. In Illinois, on the same day, 7.05 
inches fell at Edwardsville, 6.50 inches at Mascautah, and 7.03 inches 
at Waterloo. In Tennessee considerable rain fell from August 18 to 




FIG. 86.— RAINFALL MAP FOR MAXIMUM 3 DAYS, STORMS OF 
MARCH 1913, DECEMBER 1913, AND JULY 14-16, 1916. 

■ 

20 but no extraordinary intensities were reported. In Louisiana 
15.79 inches fell at Merry ville and 13.13 inches at Logansport, both 
on August 17 to 19. 

Few rivers were seriously affected in Texas, only the Trinity, 
Neches, and Sabine Rivers registering very high flood stages. The 
same was true for the Red River and its principal tributaries and for 
a portion of the Arkansas River drainage. The streams draining the 
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Ozark Mountains, however, attained high stages, the rain along the 
eastern edge of the Ozarks having been especially heavy. The White 
River in Arkansas exceeded all previous records with a stage of 48.5 
feet at Calico Rock, Arkansas, and 37.8 feet at Batesville, Arkansas, 
on August 21. On the Meramec River a disastrous flood to the south 




FIG. 87.— RAINFALL MAP FOR MAXIMUM 4 DAYS, STORMS OF 

MARCH 1913 AND DECEMBER 1913, AND FOR 1 DAY 

(JULY 16), STORM OF JULY 14-16, 1916. 



and west of St. Louis caused the breaking of levees and the inundation 
of large areas. About 20 lives were lost in St. Louis County alone. 

The two centers might be considered as separate storms on account 
of the distance between them, and the fact that the maximum 24-hour 
rainfall was on the 17th in the Texas center and on the 19th in the 
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Arkansas center. The time of travel of the storm is clearly seen from 
the following comparison of dates of different maximum periods in the 
two centers: 

Dates of Occurrence 
Maximum Periods Tesxas Center 



Arkaosaa Center 



1 day August 17 

2 days " 17-18 

3 days " 17-19 

4 days " 17-20 



August 19 
" 19-20 
" 18-20 
" 17-20 




FIG. 88.— RAINFALL MAP FOR MAXIMUM 6 DAYS, STORM OF 

MARCH 1913. 



For the purpose of study and analysis, a separate set of maps and 
curves was prepared for each center for the maximum 1-day, 2-day, 
and 3-day periods of rainfall. The two 3-day maps overlap somewhat 
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in time and area. Only one map was made for the maximum 4-day 
period since that period was the same for both centers. As it is 
interesting to compare the time-area-depth data obtained from the two 
sets of maps, both sets of data are given in the appendix and both sets 
of time-area-depth curves are reproduced. The curves for the Ar- 
kansas center are in the northern group, figures 94 to 97, and those 




FIG. 89.— RAINFALL MAP FOR MAXIMUM DAY, STORMS OF 

AUGUST 1915 AND JULY 6-10, 1916. 

for the Texas center are in the southern group, figures 99 to 102. As 
this is essentially a southern storm, the time-area-depth curves for the 
Arkansas center are platted only down to the area of the last isohyetal 
which does not include the Texas center. Only the maps for the 
maximum periods as determined by the Arkansas center are repro- 
duced, see figures 89 to 92. 



176 



MIAMI CONSERVANCY DISTRICT 



Storm 156, July 6-10, 1916 

Extraordinary rains fell over Alabama, southeastern Louisiana, 
and western Georgia during the period July 6-10, as the result of a 
tropical hurricane which entered the United States just east of the 
mouth of the Mississippi River on July 5. The area of precipitation, 
figures 89 to 93, centered over southern Alabama, Mississippi, and 




FIG. 90.— RAINFALL MAP FOR MAXIMUM 2 DAYS, STORMS OF 

AUGUST 1915 AND JULY 6-10, 1916. 

Georgia although practically the whole state of Alabama received a 
total rainfall of 10 inches or more during the five days ending July 10. 
During this period the area covered by 5 inches or more of rainfall 
also included the eastern third of Mississippi, the western two-thirds 
of Georgia, and extended well up into central Tennessee and western 
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North Carolina. It should be noted that this storm was closely 
followed by storm 157, July 14-16, 1916, figures 84 to 87, over prac- 
tically the same area in western North Carolina. Light rains fell 
between the two storms, and consequently the ground was saturated 
and most of the streams bank full when the second storm came. 



[Max. 3-Dayfj^^Sjf:^^ 
1 

I 




FIG. 91.— RAINFALL MAP FOR MAXIMUM 3 DAYS, STORMS OF 

AUGUST 1915 AND JULY 6-10, 1916. 

The average rainfall in Alabama for the month of July, determined 
from the records at 58 stations, was 16.70 inches, which is 11.19 inches 
more than the normal for that month. The notes in the Weather 
Bureau publication, Climatological Data, state: "The month of 
July, 1916, will go on record as the most disastrous month experienced 
'^ Alabama in the last half century." This same pubUcation estimates 

12 
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the property loss, caused by this storm and the rains which followed it, 
at 11,000,000 dollars. Some 26,000 people in the state were made 
destitute and dependent, and 350,000 acres of land in Alabama were 
submerged by the floods. The tide at Mobile reached 11.6 feet above 
mean low water, which is about 1.7 feei higher than any previous 
record. 

Some of the most intense precipitation records, in inches, are as 
follows: 



station 

Leakesville) Miss. 
Merrill, Miss. . . . 
Bay Minette, Ala 

Clanton, Ala 

Eufaula, Ala 

Evergreen, Ala. . . 

Alaga, Ala 

Blakely, Ga 

Robertsdale, Ala. 



1-Day 


Date 


2-Day 


Date 


S-Day 


Date 


10.00 


6 


16.54 


6-7 


19.00 


6-8 


12.35 


6 


15.95 


6-7 


19.95 


6-8 


12.20 
11.23 


6 

7 


17.30 
16.88 


6-7 
7-8 






17.81 


6-8 


10.86 


8 


13.20 


7-8 


14.94 


7-9 


11.95 


6 


15.27 


6-7 


18.62 


6-8 


12.70 


8 


18.32 


8-9 


19.14 


8-10 


9.90 


8 


17.25 


7-8 


19.69 


7-9 


12.50 


5 


18.08 


5-6 


19.31 


5-7 



The Pascagoula River at Merrill, Miss., reached a maximum stage 
of 27.0 feet at 7 p. m. on the 9th, exceeding the highest previous 
record by 0.8 foot. The Chattahoochee River at Alaga, Ala., reached 
a record stage of 44.0 feet at 9 a. m. on the 9th, exceeding the greatest 
previous record by 3.8 feet. Many other streams closely approached 
or exceeded the maximum previous recorded stage. 



Storm 157, July 14-16, 1916 

This storm was produced by a West Indian hurricane or tropical 
cyclone which approached the south Atlantic seaboard from the 
southeast, entering South CaroUna near Charleston on the morning of 
July 14. As is commonly the case with hurricanes after they come 
in contact with land surfaces, this storm rapidly diminished in energy 
and finally dissipated on July 16, on the eastern slope of the mountains 
in North Carolina. This illustrates the important influence which 
high mountain ranges exert in modifying or arresting the progress of 
cyclonic movements. Statistics published by the Weather Bureau* 
tend to show that the tracks of cyclones do not as a rule cross the 
Appalachian Mountains. 

Two distinct centers of precipitation formed during this storm, 
one over South Carolina with a peak of over 16 inches in 2 days, and 
the other over North Carolina with a peak of over 23 inches in 2 days, 
see figures 84 to 87. The maximum rainfall at the latter was recorded 
at two stations, about one mile apart, located on opposite sides of a 

* Types of Storms of the United States and their Average Movements. Supple- 
ment No. 1, Monthly Weather Review, 1914. 
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mountain gap, nearly midway between Grandfather Mountain, ele- 
vation 5964 feet, and Mount Mitchell, elevation 6711 feet. These 
stations are Altapass, elevation 2625 feet, on the east slope, where a 
standard 8-inch rain gage indicated a total fall of 23.77 inches for 
the 3 days, July 15-17; and Altapass Inn on the west slope, where the 
total fall was 1.52 inches less. At Altapass 23.22 inches of rain fell 
between 2 p. m. of July 15 and 2 p. m. of July 16. 



1 




FIG. 92.— RAINFALL MAP FOR MAKIMUM 4 DAYS, STORMS OF 

AUGUST 1915 AND JULY 6-10, 1916. 

To the westward of the mountains the rainfall decreased rapidly 
as indicated by the isohyetals in figures 84 to 87, the total fall at 
points 40 miles west of Altapass being less than 1 inch. 

Other high rainfall records reported during this storm are 11.05 
inches on July 15 at Florence, S. C; 12.60 inches on July 15 at Kings- 
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tree, S. C; 13.25 inches on July 15 at Eflingham, S. C; 10.65 inches 
on July 15, at Transon, N. C; 13.25 inches on July 16 at Blantyre, 
N. C; 14.70 inches on July 16 at Brevard, N. C; and 10.02 inches 
on the 15th and 10.43 inches on the 16th at Gorge, N. C. 

The floods caused by this storm are of pecuUar interest. Since 
the storm progressed in a westerly direction, the lower reaches of the 




FIG. 93.~RAINFALL MAP FOR MAXIMUM 5 DAYS, STORMS OF 

JULY 1912 AND JULY 6-10, 1916. 

longer Atlantic coast streams were in flood in many cases before their 
headwaters, resulting in floods less severe than would normally be 
expected from such rainfall. These floods were, in some measure, 
attributable to the saturated condition of the soil brought about by 
previous heavy rains, which covered this region on July 9 to 13. A 
number of rivers exceeded the flood stages attained during the storm 
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of August 1908. Some of those which broke all previous records were 
the Catawba River at Mount Holly, N. C, and at Catawba, S. C, 
with stages of 36.5 and 40.4 feet respectively; the Santee River at 
Rimini, S. C, 35.8-foot stage; the Wateree River at Camden, S. C, 
43.0 feet; and the Broad River at Blairs, S. C, 36.5 feet. West of 
the Blue Ridge Mountains the upper Yadkin on July 15, reached the 
highest stages in its record, and the French Broad River at Asheville 
on July 16 broke all records with a 21-foot stage. 

DISCUSSION OF TIME-AREA-DEPTH RELATIONS 

There are ten sets of time-area-depth curves, figures 94 to 103, 
constructed in the manner described on page 133. These are grouped 
first by region of occurrence, and second by period of maximum 
precipitation. Thus, each group of five sets comprises the curves for 
the maximum 1-day, 2-day, 3-day, 4-day, and 5-day periods of about 
half of the 33 storms just described, there being 17 storms in the 
northern and 16 in the southern parts of the United States, for which 
curves are shown. These present the time-area-depth data for each 
storm in its most useful form. Certain storm features and similarities 
between storms are not discernible until the time-area-depth curves 
are drawn and compared. 

From a knowledge of the causes of precipitation in interior conti- 
nental regions it would be expected that the maximum 1-day period 
of rainfall would be preceded and followed by periods of gradually 
increasing and decreasing rainfall, especially during the winter months. 
This is generally found to be true, the maximum 1-day rainfall rarely 
occurring on the first or last day of the storm period. 

Another very noticeable fact is that the depth of rain which falls 
on the maximum day is almost always more than half the total of the 
storm period, regardless of the number of days in the latter. ' This 
indicates, that much higher rates of precipitation occur in periods of 
less than a day. The accuracy of this conclusion has been verified 
at individual stations. 

In general, there are no very great differences between the largest 
storm and the second or third largest. This is more nearly true of 
the northern group than of the southern, and for the 1-day, 2-day, 
and 3Tday periods than for the 4-day and 5-day periods. The most 
notable exceptions to this rule are storm 43, for 3, 4, and 5-day periods, 
and storm 156, for the 4 and 5-day periods, both in the southern 
group. The highest 3, 4, and 5-day record in storm 43 is 33.0 inches 
at Tumersville, Texas. The observer was not at the time an OflScial 
Weather Bureau observer, although he had a standard gage. The 
record is open to doubt. The other high records of this phenomenal 
storm, however, tend to substantiate it. 



MIAMI CONSERVANCY DISTRICT 




> 2 4 6 6 

Storm Area in Thousands of Square Miles 

FIG. 94.~TIME-AREA.DEPTH CURVES FOR STORMS OVER 

NORTHERN STATES SHOWING GREATEST AVERAGE 

DEPTH OF RAINFALL DURING 1 DAY. 
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FIG. 94. — Continued ; note change in horizontal scale. 
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FIG. 95.--TIME-AREA-DEPTH CURVES FOR STORMS OVER 

NORTHERN STATES SHOWING GREATEST AVERAGE 

DEPTH OF RAINFALL DURING 2 DAYS. 
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FIG. 95. — Continued ; note change in horizonial scale. 
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FIG. 96.— TIME-AREA-DEPTH CURVES FOR STORMS OVER 

NORTHERN STATES SHOWING GREATEST AVERAGE 

DEPTH OF RAINFALL DURING 3 DAYS. 
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FIG. 96. — Continued; note change in horizontal scale. 
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FIG. 97.— TIME-AHEA-DEPTH CURVES FOR STORMS OVER 

NORTHERN STATES SHOWING GREATEST AVERAGE 

DEPTH OF RAINFALL DURING 4 DAYS. 
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FIG. 97. — Continried; note change in horizonUU scale. 
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FIG. 98.— TIME-AREA-DEPTH CURVES FOR STORMS OVER 

NORTHERN STATES SHOWING GREATEST AVERAGE 

DEPTH OF RAINFALL DURING 5 DAYS. 
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FIG. 98. — Continued ; note change in horizontal scale. 
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FIG. 99.— TIME-AREA-DEPTH CURVES FOR STORMS OVER 

SOUTHERN STATES SHOWING GREATEST AVERAGE 

DEPTH OF RAINFALL DURING 1 DAY. 
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FIG. 99. — Continued ; note change in horizonlal scale. 
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FIG. 100.— TIME-AREA-DEPTH CURVES FOR STORMS OVER 

SOUTHERN STATES SHOWING GREATEST AVERAGE 

DEPTH OF RAINFALL DURING 2 DAYS. 
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FIG. 100. — CorUimied ; note change in horizontal scale. 
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FIG. 101.— TIME-AREA-DEPTH CURVES FOR STORMS OVER 

SOUTHERN STATES SHOWING GREATEST AVERAGE 

DEPTH OF RAINFALL DURING 3 DAYS. 
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FIG. 101. — Continued; note change in horizontal scale. 
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FIG. 102.--TIME-AREA-DEPTH CURVES FOR STORMS OVER 

SOUTHERN STATES SHOWING GREATEST AVERAGE 

DEPTH OF RAINFALL DURING 4 DAYS. 
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FIG. 102. — Continued ; note change in horizontal scale. 
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FIG. 103.— TIME-AKEA-DEPTH CURVES FOR STORMS OVER 

SOUTHERN STATES SHOWING GREATEST AVERAGE 

DEPTH OF RAINFALL DURING 6 DAYS. 
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FIG. 103. — Continued; note change in horizontal scale. 
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The storm of July 6-10, 1916, number 156, for 4 and 5-day maxi- 
mum periods is also very exceptional. It is about 50 per cent greater 
than the next smaller. It is very improbable that this could happen 
anywhere except close to the oceay or gulf, as such a condition 
requires the importation to the storm center for several days in suc- 
cession of immense quantities of air greatly overcharged with water 
vapor. 

The effect of the same factor, distance of land travel, is also appar- 
ent in the northern group of storms. Compare the curves, figures 
94 to 98, with the maps, figures 50 to 57. Storms 114, 151, 15, and 86 
occurred farthest south in the Mississippi Valley, and are the largest 
for the 3, 4, and 5-day periods. They are less prominent on the 1 and 
2-day charts because overshadowed by the short violent storms of 
the upper Mississippi Valley and the northeast. 

USE OF THE TIME-AREA-DEPTH CURVES 

Practical use of the time-area-depth curves may be made by first 
determining the area. Ay of any watershed to which the storms are to 
be applied. Then, by referring to the time-area-depth curves for the 
region of the United States in which this area is located, the curves 
for the greatest storms, or for the storms most applicable to the area, 
as shown by the seasonal maps, figures 50 to 57, give the average 
depths of precipitation over an area equal to A at the center of the 
various storms. 

This method of using the curves involves a number of assumptions, 
all of which tend to make the average depth over the area A appear 
greater than would probably ever occur in a storm identical in size, 
shape, and characteristics with the one applied. The principal of 
these assumptions are: (1) that the maximum storm center will occur 
over area A ; (2) that the isohyetal enclosing an area at the principal 
storm center equal to A will be identical in shape, orientation, and 
location to area A ; (3) if two or more maximimi periods of the same 
storm are used, the further assumption is made that the storm center 
will not move or change its shape. 

It may be found advisable to use the 2-day time-area-depth curve 
for a different storm than that employed for the 1-day determination. 
For though the 1-day curve of the one storm may lie higher on the 
diagram than that for the other, yet the curves for the 2-day period 
may have their relative positions reversed. In such a case all of the 
above assumptions would be involved, and the further assumption 
that the maximum 1-day period of the one storm is followed by a 
greater 2-day maximum of the other storm. It must not be over- 
looked, however, that a storm over the area in question, greatep than 
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any yet recorded, may materially outweigh all of the above con- 
siderations. 

In any storm the proportion of rainfall which appears immediately 
as rimofif is largely dependent on the degree of saturation of the soil 
caused by previous rainfall. Before any direct use can be made of 
the time-area-depth curve for a given maximum period, therefore, it 
is necessary to know the amount of rainfall which occurred over 
a similar area on the preceding days of the storms used as ex- 
amples. This can be determined indirectly from the time-area-depth 
curves by taking the difference in height of the curve including the 
previous days of the storm, and the curve exclusive of them, for the 
area in question. In considering the effect which a given storm will 
produce it is necessary to take into account the topography of the 
area, season of the year, vegetable growth, character of surface soil, 
its condition, and degree of saturation. 

The time-area-depth curves here presented are not adapted for 
use in the design of sewer systems. In the latter, time units as small 
as hours and minutes, and units of area as small as acres are essential. 
Chapter V, on frequency of excessive precipitation, applies more par- 
ticularly to rainfall over small or negligible areas. In flood control 
studies, however, units smaller than the day and the square mile, 
respectively, would be of no practical value. 

For the convenience of the reader certain time-area-depth data 
for each of the 33 storms, taken from the curves, is presented in tabular 
form in tables 6 and 7. This consists of the depth in inches of the 
greatest average rainfall on areas of 1, 500, 1000, 2000, 4000, and 
6000 square miles, during maximum consecutive periods of 1 to 5 days. 
Storm 151 is listed in both tables, for the reasons given on page 175, 
which accounts for there being 17 storms in table 7. 

SELECTING THE 33 MOST IMPORTANT STORMS 

The entire rainfall investigation, as previously stated, was con- 
ducted primarily with a view to its bearing on Miami Valley conditions. 
In the selection of storms for mapping, it was necessary to Umit the 
work involved by choosing certain restrictions of storm area, depth, 
and the time during which a storm might be considered to last. From 
observation and from previous studies of storms made by the Morgan 
Engineering Company, it was known that heavy precipitation over an 
appreciable area is rarely continuous for a period of more than five 
or six days. Several such rainfall periods, however, may occur 
separated by only one or two days of little or no rainfall. 

It is the latter type of storms which cause the greatest floods on 
rivers having very large drainage areas, where more than three or 
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four days is required for sufficient runoff to collect to cause flood 
conditions. For an investigation of storms which cause the greatest 
floods on such rivers a longer rainfall period than three or four days j 
would have to be chosen as the maximum for a storm. A number i 
of storms have been recorded which lasted ten or even fifteen days, 
but in almost every such instance the intensity during the five con- 
secutive days of maximum rainfall was much less than the intensity 
of other storms of the same region which lasted only five days or less. 
It is a well-known fact that these long-continued general storms of 
late winter and early spring are not those which are the greatest menace 
to Ufe and property on streams which have small drainage areas. 
Such storms frequently extend over the entire eastern half of the 
United States, but in no place is the rainfall very intense. In all 
streams except the very largest, the time required for rainfall to reach 
the main channel and run off is so small, in comparison with the 
duration of the storm, that no serious flood can result. The water 
simply collects and runs off practically as fast as it falls. On the 
contrary, the largest streams, such as the Mississippi and Missouri 
Rivers, experience their greatest floods after such long-continued 
general storms. When such a storm covers the entire watershed of 
one of these rivers, the flood crests on all the principal tributaries may 
reach the main channel at approximately the same time, and cause 
the greatest flood stages on the lower reaches of the river. A good 
example of this type of storm is that of May 16-31, 1903, described 
on page 151. 

From a consideration of the area of the Miami watershed and the 
characteristic length of storms in the United States, it was decided 
for the purpose of mapping to include the maximum periods of storms 
up to five days, and for each of these periods the entire continuous 
storm area included within the 2-inch isohyetal. 

The 33 storms selected for detail investigation comprise the 3 
greatest storms of the 49-year period, 1843-1891, and 30 of the largest 
and most important storms taken from the 160 which occurred during 
the 25-year period, 1892-1916. The latter consist of 15 storms taken 
from the northern and 15 from the southern group. The 3 early 
storms were selected as the largest and most important after a careful 
sifting process, now to be described in more detail. 

STORMS WHICH OCCURRED FROM 1843 TO 1872 

The search for storm data for the 30-year period 1843-1872 was 
confined to a few of the largest storms. The object was to learn 
whether or not any storms during this period were as great or greater 
than storms of recent years that have occurred in the game sections 
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of the country. It was obviously impossible to study minutely the 
lesser storms of this early period, on account of scarcity of rainfall 
records. However, the northeastern part of the United States was 
somewhat of an exception in this respect, as rainfall records were kept 
by many scientifically trained men for their own use, or in cooperation 
with the Smithsonian Institution. 

In the middle west and south there were few rainfall gaging stations, 
and it is necessary to rely very largely on the newspapers and sci- 
entific journals for descriptions of rainfall and flood conditions. All 
of 'these sources of information were examined, and the time-area- 
depth relations of a few of the largest storms were analyzed as closely 
as the character and extent of the data would permit. 

In the northern part of the country only one storm furnished 
sufficient data to exhibit fully its time-area-depth relations. This is 
storm a of October 3-4, 1869, central over Connecticut, a map of 
which is shown in figure 59, and description given on page 138. The 
fact that a number of scientists and engineers were making rainfall 
observations at that time, and yet no other storm was reported which 
closely approached storm a in depth and area covered, is very good 
proof that this was the largest storm which occurred in the northern 
part of the country during that period. Doubtless if there were com- 
plete data available, so that the true size of other large storms of the 
period could be determined, some of these would approach storm a 
in magnitude, but it is hardly possible that it could have been materi- 
ally exceeded. 

The time-area-depth curve for storm a, figure 95, is exceeded by 
that of storm 76, Oct. 8-9, 1903, central over New Jersey. The other 
northeastern storms, in order of size for the 2-day period, are storm 25, 
July 12-14, 1897, central over Connecticut; storm c, May 31-June 1, 
1889, central over Pennsylvania; and storm 10, May 18-22, 1894, 
central over Pennsylvania. The curves for all of these he below that 
for storm a. It is apparent from this, also, that storm a is one of the 
greatest to which the northeastern states are subject. 

Deductions as to the possible maximum size of storms which may 
have occurred in the northwest and south during this 30-year period 
must be based on the comparatively few rainfall records available, 
on newspaper and technical journal reports, and on the comparisons 
which may be made of this data with the accurate and abundant data 
of the largest storms of the last 25 years. A comparison of the 
greatest storms of the past 25 years in Iowa, Illinois, and Ohio, numbers 
72, 51, 114, and 132, figure 95, with those in the northeastern states, 
shows that they vary most at the peak and differ but little for areas 
of 5,000 to 10,000 square miles. It is, of course, natural that the peak 
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records should vary greatly, even in the same section, of the country, 
as they are for but one or only a very few stations. 

The final conclusion is that for the 30-year period 1843-1872 there 
were no storms in the northeastern states which exceeded that of 
October 3-4, 1869. The maximmn storm which may have occurred 
in other parts of the United States east of the 103d meridian cannot 
be so definitely fixed, but from the fairly reliable data available it is 
safe to say there was no storm which materially exceeded the largest 
storms of the past 25 years in the same regions. 

STORMS WHICH OCCURRED FROM 1873 TO 1891 

During the 19 years from 1873 to 1891 the number and distribution 
of stations leaves Uttle room for doubt that not only were all the great- 
est storms recorded at a number of stations, but also that the records 
of northern storms are sufficient to reveal with a considerable degree 
of accuracy their comparative time-area-depth relations. However, 
there were large areas in the southern and central western states in 
which stations were relatively sparse, and consequently it is probable 
that there are no records for many of the smaller storms. For this 
reason the investigation for the 19-year period, 1873-1891, was also 
confined to a comparison of the greatest storms of that period with 
the greatest storms over the same geographical sections, which have 
occurred diu*ing the last 25 years. After a thorough examination of 
all the data available, maps and time-area-depth curves were made 
for two of the greatest storms of the period. 

Storm 6, July 27-31, 1887, over Georgia, is shown in figures 62 to 
66; the tim^-area-depth curves are included with those for the south- 
ern group of storms, figures 99 to 103. The curves for this storm are 
considerably below those for later southern storms, which indicates 
insufficient data for the earlier period, instead of an increase in the 
size of storms in late years. However, this storm is high enough in 
the scale of great southern storms to substantiate the claim that it is 
one of the largest that has occurred during the period in question. 
As in the preceding 30-year period, the positive evidence, as shown 
by records of precipitation, that no greater storm occurred, is cor- 
roborated by the negative evidence that there are no river gage, news- 
paper, or scientific journal records to show that a greater storm did 
occur during this period. 

In the northern and eastern states storm c. May 31-June 1, 1889, 
central over Pennsylvania, is the greatest of the period. The resulting 
floods caused widespread disaster, that at Johnstown being historic. 
The maps are shown in figures 71 and 72, and the time-area-depth 
curves in figures 94 and 95. ' 
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There is but little question that storms a, 6, and c were among the 
greatest which occurred during the 49 years from 1843 to 1891. If 
rainfall gaging stations had been as numerous during this period as 
during the succeeding 25 years the storms would have been more 
accurately recorded, and it is possible that they were somewhat 
greater than is indicated by the data now available. 

STORMS WHICH OCCURRED FROM 1892 TO 1916 

All storms of magnitude which occurred from 1892 to 1916 are 
accurately recorded. The number and distribution of rainfall gaging 
stations for this period make it possible to map these storms and 
obtain a close comparison of their time-area-depth relations. 

How to select the 30 most important storms of this 25-year period 
from the 160 for which detail precipitation records had been compiled 
presented no simple problem. It would have been comparatively 
easy if maps and time-area-depth curves had been prepared for all 
160 storms. A great deal of time and labor is required to make these 
maps and curves, however, and no additional information of value is 
gained by deducing the time-area-depth relations for a large number 
of the less important storms. The object was not merely to select 
for mapping the 30 largest storms from the charts showing relative 
sizes, as in effect this would have included very few northern storms. 
Even after dividing the storms into northern and southern groups, it 
was not thought advisable to map the 15 greatest storms in each group, 
as this would leave large sections unrepresented. It was finally 
decided to map four or five of the greatest storms in each group, 
without regard to geographical position, and then to select the re- 
maining storms to be mapped from different sections of the country, 
taking the greatest for each section. Those finally selected for 
mapping are indicated by an asterisk in tables 4 and 5. 

The 4 largest storms in the northern group, as shown in the chart 
of comparative depths of storms, figure 48, were first selected for 
mapping and time-area-depth study. These are, in order of size, 
number 151, central over northern Arkansas; number 114, central 
over southern Illinois; number 76, central over New Jersey, and 
number 72, central over Iowa. The fifth storm in order of size, 
number 39, was not mapped because it had no special features, and fell 
over approximately the same area as storms 151 and 114, both of 
which exceeded it. 

The next 8 storms in order of size were mapped. They are, 
number 15, central over Missouri, which was platted because of the 
great area covered and its unusual size for a winter storm; number 
132, the great storm of March 23-27, 1913, central over Ohioand 
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Indiana; number 10, central over Pennsylvania, which is an example 
of the unusually large storms of long duration on the North Atlantic 
coast; number 25, central over Connecticut; number 109, central 
over Missouri; number 110, central over Wisconsin, which is the 
only storm in that region coming within the selected limits, although 
another Wisconsin storm was mapped which lies just below those 
limits; number 51, central over Iowa; and number 86, Sept. 15-19, 
1905, central over Missouri. The long major axis of storm 86 had a 
northwest to southeast direction, which is very unusual for a storm 
of this size. Another distinctive feature was its long duration at a 
time of year when short violent storms generally occur. 

The next five smaller storms, numbers 94, 23, 14, 129, and 12, 
were not mapped because they are not of particular interest. Num- 
ber 83, the next one mapped, is the well-known Devils' Creek storm 
in Iowa, of June 9-10, 1905. In the area of maximmn precipitation 
the' greater part of the rainfall occurred within 12 hours, and all 
within 24 hours. The maximmn record was 12.1 inches. 

Only two other storms in the northern group were mapped, number 
130, January 10-12, 1913, over northern Arkansas and Kentucky, 
bearing some resemblance in season, type, and area covered, to storm 
132, of March 23-27, 1913, which caused the disastrous flood in the 
Miami Valley; and niunber 125, the smallest storm mapped, of July 
20-24, 1912, over Wisconsin. This was mapped because of its center 
depth, which is unusual for that region, and because only one other 
storm is mapped for that section. 

In the southern group, as in the northern, the four greatest storms 
were mapped. The fifth largest storm, niunber 56, was central over 
Florida, was not very unusual in any way, and was not in a position 
to cause material flood damage. The next greatest storm, number 13, 
included practically the same area and was platted instead of number 
56. Intense precipitation fell over a much larger area in storm 13, 
as may be seen by comparing the tenth and twentieth values of the 
two storms. 

The next four storms in size, numbers 136, 108, 43, and 135 were 
platted. The next, number 134, was not platted because it was central 
over Louisiana, a section most proUfic in storms, where great flood 
damage cannot result. 

The two storms following in size, numbers 93 and 105, were platted, 
and the next two, numbers 150 and 92, were passed by on account of 
unimportance. Storms 24 and 63 were mapped to help get a repre- 
sentative distribution of storms. Only one other storm was mapped. 
This is number 102, July 29-31, 1908, over Louisiana. It is of interest 
chiefly on account of the depth of 17.62 inches at the center. 



CHAPTER IX.— MAPPING AND PREPARING 

TIME-AREA-DEPTH CURVES FOR THE 33 

MOST IMPORTANT STORMS 

In determining the time-area-depth relations of storms many 
unforeseeable difficulties and uncertainties were encountered. To 
determine the best procedure in such cases numerous experiments 
were tried. In order that other investigators, who may wish to make 
similar storm studies, may be forewarned of the difficulties and may 
be able to profit by our experience, this chapter contains a rather 
detailed description of the various expedients tried and the methods 
finally adopted. 

The relations of storm duration, area, and depth are perhaps the 
most complex of all that ordinarily receive attention in the discussion 
of rainfall statistics. Numerous other distinct and independent vari- 
able factors enter, such as rate and direction of storm movement, 
location and distribution of rainfall gaging stations, and time of 
making observations; and their mutual inter-relations are both elusive 
and involved. In writing this chapter every attempt has been made 
to discuss and evaluate each element separately at first, to remove 
every trace of obscurity or uncertainty in primal meaning, and thus 
to help the reader to unravel the tangled web of relationships which 
results from the records of the actual storm phenomena. In spite of 
this effort, however, this chapter doubtless remains the most difficult 
m the whole volume and will require the greatest demand upon the 
attention of the reader. It will be necessary constantly to keep before 
the mind the nature of each element involved in order to appreciate 
the discussions of relationships from various aspects. 

ASSEMBLING AND COMPUTING DATA FOR MAPPING 

STORMS 

The complete data for each storm selected for mapping was as- 
sembled and listed in tabular form as illustrated in figure 104. This 
form is entirely distinct from the excessive precipitation sheets de- 
scribed in chapter IV, the data for the storms being much more 
complete. In order to have all the data needed for mapping a storm, 
the records taken during the storm period at all the stations touched 
by the storm were copied irrespective of their amounts. This intro- 
duced records from many stations where the amount was less than the 
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minimum used in the excessive precipitation sheets. The smallest 
number of stations for one storm, used in plotting the rainfall maps, 
was 33 and the greatest number for one storm was 965. 

As shown in figure 104, the stations were first listed in alphabetical 
order, and then opposite each station in the successive colimms were 
copied the daily rainfall records during the storm period considered. 
The appropriate dates are entered at the tops of the respective 
colunms. 

Next, each column was totaled. The day with the greatest total 
was considered the date of maximum 1-day precipitation. In most 
of the 33 storms thus studied in detail no doubt exists as to the date 
of maximum 1-day precipitation. In some cases, however, usually 
in storms of long duration and covering a large extent of territory, 
there was some uncertainty as to what should be considered the 
maximum 1-day period. The date of maximimi precipitation over 
one center of heavy rainfall, for instance, is sometimes different from 
the date of maximum precipitation over another distinct center of 
sufficient importance to merit separate consideration. 

The period of maximum 2-day precipitation was determined by 
joining to the date of maximum 1-day precipitation either the day 
preceding or the day following, using the day on which occurred the 
greater total sum of precipitation at all the stations. The dates for 
the 3-day and successive maximum periods were similarly determined. 

After the dates were fixed, the total amounts of precipitation at 
each station for the maximiun 1, 2, 3, 4, and 5-day periods were 
entered in the last columns of the form as illustrated in figure 104. 

MAPPING THE STORMS 

On outline maps showing the principal geographical features and 
state boundaries within and adjacent to the area of the storm, each 
rainfall station within the storm area was located and its precipitation 
for the period considered was noted beside it. Isohyetal lines were 
then drawn at 1-inch rainfall intervals, down to and including the 
2-inch line. 

In appearance these rainstorm maps, figiu*e 105, resemble topo- 
graphic maps. If data were available to plat rainstorm maps with 
the same degree of accuracy with which good topographic maps are 
platted, there could have been no necessity for selecting one from 
several methods of platting the former. Unfortunately, however, 
several factors operate to reduce the accuracy of rainstorm maps, 
making it advisable to devise some means, if possible, to eliminate 
these inaccuracies. They may be divided into four classes: 
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FIG. 104.— FORM ILLUSTRATING THE METHOD OF COMPILING 

STORM DATA. 
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FIG. 105.— MAP ILLUSTRATING METHOD OF PLATTING STORMS. 



Isohyetals shown are for 3 days of maxiinuin rainfall during storm of July 13-17, 
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SOURCES OF ERROR IN ORIGINAL DATA 

Class 1. Arbitrary Location of Observing Stations 

Rainfall recording stations, being permanently located, rarely 
furnish data sufficient to develop precisely the shape of a rainstorm 
area. A rainstorm map platted from the available records depicts 
the storm no more accurately than a topographic map platted from 
random stadia observations would represent actual topography. In 
comparatively level country the difference between two topographic 
maps, one from well chosen stadia observations and the other from 
random stadia observations, would not be great. This also holds 
for the comparatively regular edges of a rainstorm map. In hilly 
country, however, the two topographic maps would probably not 
resemble each other closely; and it is very Ukely that this can be 
truly said of two rainstorm maps platted under analogous conditions. 
In recent years, and particularly in the more densely inhabited parts 
of the country, stations are comparatively close together, so that 
storms platted from their records more nearly represent the true 
conditions. It is noticeable that the closer stations are together, the 
more irregular appears to be what may be called the topography of 
the storm. Particularly is this so in the vicinity of the storm centers. 
For this reason the percentage of error in areas on which great depths 
fall is larger than in areas covered to less depths. Other things being 
equal, also, the percentage of error will be greater as the stations are 
farther apart. 

Class 2. Inaccuracy of Records 

In some cases the accuracy of the data is questionable. It is 
subject to two kinds of errors. First, errors due to failure to catch the 
precipitation properly; and second, personal errors, due to failure to 
read, record, transcribe, or tabulate correctly. By far the greatest 
number of observers are carrying on the work voluntarily, and hence 
it is not probable that the close attention is given to accuracy which 
is to be expected from paid observers. Occasional inconsistencies in 
the records were found, indicating errors from these sources, and it was 
difficult at times to decide whether or not to alter or discard certain 
data. 

Class 3. Arbitrary Division of Time 

Another and very important source of inaccuracy in determining 
the greatest rainfall for a given period is due to the fact that readings 
at each station are recorded at a stated time each day without regard 
to the time of beginning or ending of the storm. Under these cir- 
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cumstances it is almost certain that a record of the greatest rainfall 
within a given length of time is seldom obtained. What is recorded 
as a 2 days' rainfall may be^ and often is, found to be actually a storm 
of less than 24 hours' duration. A 24-hour record may likewise cover 
only a few hours of rainfall. Errors of this kind obviously are always 
in the same direction, and arithmetical averages derived from them, 
therefore, cannot be compensating. They are the more serious 
because they always indicate a greater length of time for a given 
precipitation, and therefore a smaller storm intensity, than the true 
one. The eflfect of this error, however, tends to be less for two days 
than for one, less for three days than for two, and in the more serious 
storm type extending over a period of several days the error is of Uttle 
consequence. 

Another factor which tends to reduce this error is the area over 
which a given storm occurs. Let us assume that the storm is moving 
in an easterly direction and causes a precipitation of 5.2 inches at 
station a lasting from 11 p. m. on May 18 to 11 p. m. May 19. In its 
eastward movement it reaches station 6 and causes a precipitation of 
4.5 inches, lasting from 2 p. m. May 19 to 2 p. m. May 20. Although 
the precipitation lasts only 24 hours at each station, as stated above, 
it is recorded as a 48-hour storm at both stations if the readings are 
taken about 6 p. m. But from the time rainfall began at station a 
until it ceased at station 6 was 39 hours, and the runoff for the storm 
area including stations a and 6 was in many respects similar to that 
which would have been caused had the precipitation at each station 
been distributed uniformly throughout the 39 hours. 

Class 4. Variations in Time of Observation 

Another class of inaccuracies is brought about by the fact that 
readings at all stations are not taken simultaneously. Most of the 
readings are taken about sundown, but a considerable number are 
taken in the morning. A few, the so-called regular Weather Bureau 
records, are computed from continuous automatic records and cover 
the period from midnight to midnight. It was found that the last 
class agrees fairly closely with the evening readings at surrounding 
stations. No semblance of agreement could, however, be found to 
exist between evening and succeeding morning readings. As the 
evening readings are in the preponderance, they necessarily constitute 
the controlling data for the maps. The morning readings would have 
been discarded altogether had it not been that without them the 
remaining material was too scant to be useful. 
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EXPERIMENTAL MAPS 

Before platting the final maps for the 33 storms selected for that 
purpose, experimental maps were made in order to learn by what 
method they could be constructed with the greatest facility and 
accuracy. 

To determine the effect of the several sources of inaccuracy enumer- 
ated above, experiments were made with the data for two storms. 
The storm of October 4r-6, 1910, was platted on maps by four different 
methods, here designated the A, B, C, and D methods. The storm 
of November 17-21, 1906, was platted by two of these, the A and B 
methods. 

By the A method the morning and evening records taken on the 
same day were treated as though of equal value and as though they 
had been taken simultaneously. The depths of rainfall for the differ- 
ent periods of maximum accumulated precipitation at each station 
were taken directly from the computations described on page 214. 
This method is the simplest of the four and would be the natural way 
of utiUzing the data if corrections for the four sources of error described 
above could readily be made in the original figures. T])ie only in- 
accuracies that the A method permits to be corrected, however, are 
those falling in the second class, that is, inaccuracies of reading and 
recording, and this only when surrounding stations furnish unmistak- 
able evidence as to the nature of the error. 

By the B method the evening records were made to control the lines 
of equal rainfall within the limits imposed by the morning records of 
the following day. That is, the isohyetals, although drawn with Uttle 
regard for the morning records of the calendar day, were not drawn 
through points shown by the records of the following morning to have 
had less rain than the lines would indicate. The morning records were 
shown in the form of a fraction, the numerator in black indicating the 
reading for the current morning and the denominator in red that of 
the following morning. This method is, therefore, an attempt to 
adjust inaccuracies due to some readings being taken in the morning. 
With these adjustments it becomes perhaps slightly easier to form 
an opinion as to whether or not certain station records were subject 
to the inaccuracies noted under class 2 above. 

The C method was tried with the hope that it might provide a 
method of compensating for inaccuracies due to variations in time of 
observation, for those due to arbitrary division of time, and to some 
extent for those due to inaccuracy of reading and recording, described 
above xmder classes 4, 3, and 2, respectively. By this method a 
definite date was not selected as that of 1-day maximum accumulated 
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precipitation for all the stations, but the day on which the summation 
of rainfall for all the stations was greatest (elsewhere considered the 
date of 1-day maximum accumulated precipitation) was merely taken 
as a fair basic date, and the 1-day maximum accumulated precipitation 
allowed, at each particular station, to vary 1 day in either direction 
from this basic date. Thus, in the storm of October 4 to 6, 1910, 
the date for which the summation for all the stations is greatest, or 
the basic date, was October 5; but the 1-day maximum accumulated 
precipitation at Farmersburg, Ohio, was taken as October 4, because 
the precipitation at Farmersburg on that date was greater than that 
on either October 5 or 6; the 1-day maximimi at Evansville, Ind., 
was taken as October 5, because greater at Evansville on that date 
than on October 4 or 6; the 1-day maximum at Farmland, Ind., was 
taken as October 6, because greater at Farmland on that date than on 
October 4 or 5. The dates of maximum accumulated precipitation 
at each particular station were allowed to include the day either 
preceding or following the basic period, determined by summing up 
the precipitations at all the stations, provided this gave a greater 
maximum for that station. The shapes of the time-area-depth curves 
obtained by the C method did not seem to justify the latter's use. 
This is mainly due to the fact that it does not make allowance for the 
progressive movement of a storm. For instance, if the heaviest rain- 
fall of a given storm extends from May 23 to 25 in southeast Missouri, 
the heaviest rainfall period in Indiana for the same storm may be, 
and likely will be, from the 24th to the 26th. By the C method it is 
made to appear that the rain fell simultaneously in the two states. 

In the D method, each successive day's record was platted on a 
separate map and isohyetal lines drawn. The two successive maxi- 
mum days were combined by laying one map over the other, noting 
the points of intersection of the isohyetals, and placing a figure at 
the point indicating the sum of the two lines. Isohyetals for the 
2-day period were then drawn through these points. The map so 
obtained was combined with the map for the day preceding or follow- 
ing, depending on which was the larger, to get points on the isohyetal 
lines for the 3-day period, and so on. 

This would seem to be the most logical method of the four in 
that it retains on the map of each successive day certain of the irregu- 
larities of storm shape of preceding days, which do not appear when an 
independent map is platted for each maximum period. By this 
method, however, it is sometimes possible to build up higher storm 
centers than seem warranted by the data. This feature, perhaps, 
has a tendency to m in imize inaccuracies introduced by the fixed 
locations of the stations. One disadvantage is that the method is 
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very laborious and time consuming. Another is that the A method 
must be used for platting the precipitation records for each day of the 
storm, or else it becomes necessary to readjust the morning records 
arbitrarily. 

, CONCLUSIONS FROM EXPERIMENTAL MAPS 

Time-area-depth curves were drawn for each of the experimental 
maps constructed by methods A, B, C, and D, for the storm of October 
4rS, 1910. There were four distinct but approximately parallel 
curves for the storm periods of 2 and 3 days; for the maximum 1-day 
period the maps and curves constructed by methods A and D would 
have been identical throughout, hence only one set of maps and 
curves was drawn for this period. The curves by methods A, B, and D 
for the maximum 2-day and 3-day periods were found to follow each 
other closely. Similar comparative curves were drawn from the A 
and B method experimental maps of the storm of November 17-21, 
1906. The C and D method maps and curves were not drawn for 
this storm. The A and B method curves were not as nearly coincident 
as for the storm of October 4r-6, 1910. 

The A method was found to be substantially as accurate, and much 
simpler than any of the other three. It was, therefore, the method 
finally adopted for use in constructing maps for the 33 great storms. 

The B method was found impractical except where the 1-day 
maximum occurred on the first day of storm, the 2-day maximum on 
the first and second days of storm, the 3-day maximum on the first, 
second, and third days of storm, etc., without making arbitraryadjust- 
ments of the records. The C method was discarded because, having 
failed to compensate for inaccuracies due to splitting storms between 
days, it has no advantages over the other methods. The D method 
was discarded because of the great amount of labor involved, and the 
uncertainty attendant on readjusting the morning records. In fact, 
for the storm of October 4-6, 1910, in which the D method was com- 
pared with others, the curves differ by no great amount from those 
drawn by the A and B methods. 

No way could be devised to allow for inaccuracies due to the 
arbitrary location of observing stations, except to place more de- 
pendence on determinations from storms where a great many station 
records are available than upon those where few are available. If 
isohyetals for each day could be drawn and the separate dayB com- 
bined with absolute accuracy, the D method would give results identi- 
cal with the B method. However, owing to the dififerent times of 
taking the readings, it is impossible to plot a map which represents 
accurately the rainfall over a large area for any given exact period of 
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time. This inaccuracy is less for 2 days than for 1 day, less for 3 days 
than for 2, and so on. Thus in using the D method two maps were 
combined, the inaccuracy of each of which was as great as that of a 
single map platted from the combined figures of the two separate 
maps. The resulting map contains, therefore, not only the errors in 
its two components, but also the errors in making the combination. 
Errors of the latter kind were especially introduced when contours did 
not definitely intersect but lay in the same general direction with a 
varying distance between them. In such cases it was difficult to 
determine where to estabUsh points representing their sum. Or, a 
small peak on one map might lie wholly between two contours on 
the other map, and it was debatable which of these to add to the peak. 
As previously stated, after weighing the advantages and dis- 
advantages of each of the -four methods, method A was adopted for 
subsequent use. 

CRITICISM OF USING MAXIMUM STORM PERIODS 

In passing, attention should be called to the fact that one of the 
processes in the time-area-depth study is open to an apparent objec- 
tion. Reference is made to treating separately the maximum 1-day 
period, the maximum 2-day period, etc., of the storm, without direct 
reference to the precipitation of preceding and following days in so 
far as this might affect the runoff and consequent flood damage of the 
maximum period. 

The disadvantages to which this method of treatment gives rise 
could have been eliminated in the following manner: Instead of 
platting a separate map and time-area-depth curve for each maximum 
period of the storm, a separate map and curve might have been con- 
structed for the first day, the first and second days, the first to the 
third days, inclusive, the first to the fourth days, and the first to the 
fifth days of the storm. The data as represented by the time-area- 
depth curves would then be in a form immediately available for runoff 
computations. 

The latter method has the further advantage of tending to correct 
the inaccuracies previously mentioned under classes 1 and 4, and offers 
the same facility for correcting the inaccuracy of class 2 as does the 
method of taking maximum periods. The inaccuracy, class 1, due to 
arbitrary location of observing stations, is partially corrected by hav- 
ing, for periods of two or more days, the principal storm features of 
preceding periods as a guide. Usually the first day of an extended 
storm is not the day on which the rainfall is a maximum, and conse- 
quently the error introduced by the arbitrary location of the stations 
is not of great importance. Inaccuracies of class 4, those due to 
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variations in time of observation, could be partially corrected by letting 
the evening records control the lines of equal rainfall within the limits 
imposed by the morning records of the following day, as described on 
page 219 for the experimental maps constructed by method B. 

In addition to the above advantages, maps for consecutive periods, 
beginning with the first day of the storm, would show the cumulative 
depth reached on successive days, and the direction and distance of 
the storm movement. This information can be ascertained indirectly, 
of course, from the maps and curves as published. 

These objections are not serious, however, and are outweighed by 
the advantage of having the maximum storm periods the most promi- 
nent* feature of the results, and the most directly available. This is 
especially helpful when dealing with small drainage areas, where the 
runoflf collects quickly, and would approximate 100 per cent for the 
maximum day. 

ERRORS DUE TO PERSONAL EQUATION 

In platting the isohyetal lines, cases often occur in which either 
one of two or more courses appears to be correct so far as the available 
data indicates. The location chosen depends solely upon the judg- 
ment of the one doing the platting and may be largely a matter of 
accident. In order to test the magnitude of this personal equation 
effect, three maps were platted from the same data by different indi- 
viduals. The storm of October 20-24, 1908, selected for this trial, 
shown in figures 76 to 80, was one in which the chance for personal 
variation was not so great as in some of the others; yet the discre- 
pancy from this source was found to be considerable. The maps were 
drawn for the total storm rainfall. The relative variation in the small 
areas around the peak was large, as may be seen from the following 
table : 

Isohyetal Area in Sauare Miles Obtained by Three Different Persons 

15 inch 151 55 68 

14 " 479 424 301 

13 " 1110 958 780 

12 " 2220 2190 1370 

11 " 4600 4050 2520 

10 " 6530 5900 4890 

9 " 8870 8210 7800 

8 " 12730 13460 12170 

7 " 21560 23000 21880 

6 " 36660 32010 31710 

The proportional variation is much the greatest for the smallest 
areas, as might be expected, since the peak is dependent usually upon 
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a single maximum record. This might be indicated in general terms 
by the statement that any isohyetal which does not enclose at least 
three rainfall records is of only approximate utility. The greater the 
area enclosed by an isohyetal, the greater will be the nimiber of stations 
enclosed within it, and the smaller will be the percentage of probable 
error in drawing the isohyetal. 

ASSEMBLING, COMPUTING, AND PLATTING DATA FOR 

TIME-AREA-DEPTH CURVES 

As previously stated, a map was drawn for each period of maximum 
precipitation in each of the storms. The number of maps required 
for a single storm varies from one to five, depending on the number 
of days the storm lasted. Since each of these maps shows the depth 
and area of precipitation for a definite period of time, we have the 
three interdependent factors, time, area, and depth, in a definite 
measurable form. The data in this form, however, is not easily 
accessible for direct use, or for comparison with similar data for other 
storms and other periods of the same storm. 

The best method which could be devised for combining the three 
factors, time, area, and depth, in such a manner as to make them 
comparable for different storms, and for different periods of the same 
storm, is, to plat the data in the form of curves. The data for an 
entire storm is a group of curves, each of which gives the time-area- 
depth relations for one maximum period of the storm. Thus there is a 
curve for each map. All the curves for one storm are not presented 
together, however, as it is desirable for comparative purposes and for 
convenience in publication to have on the same chart a number of 
curves taken from different storms for the same duration of maximum 
rainfall. These curves are shown in figures 94 to 103. 

Since there is a curve corresponding to each map, for a definite 
period of maximum precipitation, the element of time remains a 
fixed quantity for one curve. The varying factor of area is platted 
as abscissas, and the corresponding average depths as ordinates to 
the curve. 

The steps necessary to take these quantities, area and average 
depth, from a given map and prepare them for platting involved a 
considerable amount of work. Table 8 gives the computations for 
the maximum 3-day period of the storm of July 14-16, 1916, a map 
of which is shown in figure 105. For convenience in reference a capital 
letter is placed at each center of precipitation. These, and the order 
of combining them, are shown in column 1 of table 8. Beginning at 
the greatest center of precipitation, the isohyetals are planimetered, 
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and the area in square inches enclosed is set opposite each. This 
process is continued at the principal center until the last isohyetal is 
reached which encloses that center alone. Before planimetering and 
listing the area enclosed by the next lower isohyetal, the one or more 
additional centers enclosed by it are treated in the same manner as 
the principal center. The same process is continued until the 2-inch, 
isohyetal is reached. The isohyetals and the area in square inches 
enclosed by each are shown in columns 2 and 3 of table 8. 

The computations for determining the average depth over the 
area enclosed by each isohyetal are simple, the average depth of 
precipitation over the area between any two isohyetals, named in 
column 5, being considered equal to their arithmetical mean. These 
average depths are given in column 6. The area in square inches en- 
closed by each isohyetal, column 3, is reduced to square miles and 
placed in column 4. Column 7 shows the area between isohyetals, 
obtained by subtracting from the area enclosed by each isohyetal that 
enclosed by the next higher. The average depth of precipitation over 
this interspace is given in column 6, and in column 8 the volume 
in inch-miles obtained by taking the product of the quantities in 
columns 6 and 7. The total volume of precipitation in inch-miles 
enclosed by each isohyetal, as shown in column 9, is the sum of the 
quantity in column 8 and the total in column 9 for the next higher 
isohyetal. The average depth of precipitation in inches over the en- 
tire area enclosed by any isohyetal is, of course, the quotient obtained 
by dividing the quantity in column 9 by that in column 4. This is 
given in column 10. 

In the appendix of this volume are given* in tabular form the 
essential time-area-depth quantities for the purpose of checking or 
recomputing the computations, or for reproducing the curves on a 
larger scale, if it is desired to group them dififerently for comparative 
purposes. 

The curve for the maximum 1-day period of storm 157, July 14- 
16, 1916, is a good example of certain peculiarities met in platting the 
curves for several other storms. For that reason it is shown alone in 
figure 106. There were three distinct 1-day rainfall peaks of widely 
differing characteristics. Two of these occurred on July 15, one each 
in North and South Carolina, and the third occurred on July 16 in 
North Carolina over an area differing slightly from that covered 
by the peak of the preceding day. For areas up to 500 square miles, 
the greatest average depths of precipitation for a 24-hour period 
occurred in the North Carolina center on July 16; for areas from 500 
to 3,000 square miles, in South Carolina on July 15; and for areas 
greater than 3,000 square miles in North Carolina on July 15. 

15 
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Table 8. — ^Form of Time-Area-Depth Computations, Storm of July 14^16, 1916. 

Maximum 3-day Period, July 14-16 
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3- 2 


2.6 


13,000 


32,600 
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Note. — ^Blackfaced figures show maximum precipitation at rainfall centers. 

It is probable that each curve would suffer some modification if it 
were possible to free the rainfall observations from the errors arising 



STORM RAINFALL OF EASTERN UNITED STATES 



227 



id 



from arbitrary division of time commented on elsewhere in this 
chapter. For instance, the maximum 24-hour record at Altapass, 
North Carolina, was 22.22 inches between 2 p. m. of July 15 and 
2 p. m. of July 16. But the time-area-depth curve for July 16 shows a 
maximum, nearly 3 inches smaller, although Altapass was the center 
of that storm peak. This is due to the fact that the maximum 1-day 
rainfall at Altapass, based on regular evening readings, is 19.32 inches 
for July 16, and this, therefore, became the upper limit of the curve. 
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FIG. 106.— TIME-AREA-DEPTH CURVES FOR STORM OF 

JULY 14-17, 1916. 

This storm occurred over the Carolinas. The curves show the greatest average 
depth of rainfall during the maximum 1-day period. 

To what extent the remainder of the curve is subject to errors froni 
this source can not be ascertained, because of lack of data. The 
uidications are that, as the area increases, the averages obtained 
from the increased number of station records tends to decrease such 
errors. 

An examination of the three curves referred to shows that no 
single curve furnishes a complete answer. The curve adopted for 
the maximum 1-day period, and shown in the group curves, is the 
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envelope of these three curves. In the group curves, where cases of 
this kind occur, and the angle between the two curves at the point 
of intersection is sharp, no attempt is made to join them in a smooth 
curve. 

A different kind of break in the curves is occasionally caused by a 
very great increase in the area without a corresponding reduction in 
average depth of rainfall. This occurs at the point where the base 
of the greatest storm peak joins the main body of the storm. The 
curve for storm 10, figure 95, is a good example of such a break. The 
6-inch isohyetal, enclosing an area of 1020 square miles over which 
there was an average rainfall of 7.2 inches, is the lowest which encloses 
center A alone. The 5-inch isohyetal, enclosing an area of 7460 
square miles, over which there was an average depth of rainfall of 6.2 
inches^ includes centers A to E. Any curved line between these two 
points is misleading, hence they are connected by a straight dotted 
line. 

The limitations inherent in rainfall data, as described in the pre- 
ceding pages, together with the manner of compiling the time-area- 
depth curves, cause the latter to indicate depths of rainfall slightly 
less than the actual. This is true especially of intense rains occurring 
over small areas, as illustrated in the case of the July 1916 storm over 
the Carolinas, but is not so material in storms which have a gradual 
and even distribution as for instance the March 1913 storm in Ohio. 

Continuing this Une of reasoning, it follows that errors of this 
kind are to be looked for principally in the upper portions of the 
time-area-depth curves, while the lower portions would be httle 
afifected. Since the former relate to comparatively small areas of 
minor interest in connection with flood control problems, such in- 
accuracies are of httle moment. 

DEGREE OF ACCURACY ATTAINED 

The character of the operations in each step was allowed to govern 
the extent of detail with which they were checked for accuracy. 
AssembUng the data for platting the maps consisted in listing the 
stations in the storm area, and placing opposite each the amount of 
rainfall recorded on the several days of the storm. When ordinary 
care is exercised but few errors will occur, and each of these will affect 
only the record at one station for one day of the storm. This would, 
in general, have a negUgible influence on the final maps and curves. 
For these reasons it was not considered necessary or advisable to check 
the data completely, as this would have required an additional amount 
of time equal to about half of that consumed in compiling the data. 
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The second step, that of determiming the maximum consecutive 
periods of the storm, can be sufficiently checked by inspection, and 
this was done. It was very important that the stations be accurately 
located on the outline map used in mapping the storms, as the mis- 
location of a single station would introduce an error, perhaps a serious 
one, into all the storm maps on which that station occurred. The 
maps described on page 214 were used, and as is there stated, the 
location of each station was carefully checked to insure its accuracy. 
After platting the figures showing the amount of rainfall at each 
station, these were not checked individually, as an error of location 
or amount could afifect only the one map, and any serious error of 
this character could be found by comparing the several maps of the 
same storm. This comparative check was performed for the purpose 
just mentioned and to check the proper location of the isohyetal lines. 
The proper scaling of the maps was assured by planimetering an area, 
reading the result and then scaling the same area again without setting 
the instrument at zero. The second reading corresponds to twice the 
area scaled, and if half the second reading dififers materially from the 
first another trial is made. 

Each operation in making the computations and platting the time- 
area-depth curves was individually checked. The areas in square 
miles, in columns 4 and 9, table 8, and the volume of rainfall in inch- 
miles in column 8, are computed to 2 significant places up to 1000, 
and to 3 significant figures beyond that point. ' The resulting average 
depth of rainfall in column 10 is computed to the nearest tenth of an 
inch. 



CHAPTER X.— VARIATION IN MEAN ANNUAL 
RAINFALL OVER EASTERN UNITED 

STATES 

One of the chief benefits which may come from the study of past 
meteorological events is the ability to apply the knowledge so gained 
in forecasting future conditions. This forecasting cannot be done 
intelligently unless proper allowance is made for the chance variations 
which may occur, and for regular periodic or progressive changes, if 
there are such. For this reason, studies have been made of the vari- 
ations in monthly and annual rainfall over certain areas for the years 
1888 to 1916. The amount of data collected prior to 1888 is not 
sufficient to warrant its use in these investigations. Studies were 
made, first for a comparatively large area including the entire portion 
of the United States east of the 103d meridian, together with the parts 
of North and South Dakota, Nebraska, and Texas that lie west of this 
meridian; and second, for a comparatively small interior area com- 
prising the states of Illinois, Indiana, Ohio, Kentucky, and West 
Virginia. The larger area covers 1,837,500 square miles and the 
smaller one, 198,900 square miles. 

DATA USED 

The investigation of storm rainfall, described in the preceding 
chapters, is confined to a study of excessive precipitation at single 
stations, or of storms equal to or exceeding a well defined minimum. 
However, to determine the maximum amount of variation which may 
be expected and to ascertain if there is any evidence of cyclic and 
progressive changes, it was necessary to consider additional data. 
The following material was utilized in the studies described in this 
chapter. 

1. All precipitation records in the United States east of the 103d 
meridian made during the 29-year period 1888-1916. 

2. Records of the 160 storms, discussed in the preceding chapters, 
which occurred over the same area during the 25-year period 1892- 
1916. 

3. The records of excessive precipitation over the same area, during 
the 44-year period 1871-1914. 

The records of the 160 storms, and excessive precipitation records 
for the years subsequent to 1888 are, of course, included in the total 
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precipitation record referred to in 1. The object of using them 
separately, as previously stated, is to determine the effect of storms 
and of excessive precipitation in producing the annual variations of the 
total rainfall. 

RESULTS OF STUDY 

It seems reasonable to suppose that by averaging the annual rain- 
fall over that portion of the United States east of the 103d meridian, 
local or sectional variations such as might exist for the smaller area 
would in a large measure be compensated, and the resulting annual 
totals would show but little variation from year to year. Essentially 
this was found, except that the variations for the larger area were 
slightly larger than had been anticipated. 

Figure 107 shows the average rainfall over the larger area for each 
month and year of the 29-year period considered, while figure 108 
shows similar quantities for the smaller area. The small diagram 
included within each figure shows the average monthly rainfall ob- 
tained by averaging the 29 values for each month. These quantities 
together with corresponding quantities, for the Dayton cooperative 
station and for the state of Ohio are given in table 9. They show that 
on the average the rainfall is considerably greater during the sununer 
than it is during the winter. 

Table 9.— Average Monthly Rainfall on Four Different Areas for the Period 1888 

to 1916 



Month 


Dasrton 


Ohio 


•6 Interior states 


Eastern U. S. 


January 


3.41 
2.65 
3.83 
2.98 
3.69 
3.89 
3.26 
3.19 
2.85 
2.62 
2.84 
2.62 


3.18 
2.69 
3.55 
3.02 
3.71 
3.83 
3.94 
3.29 
2.78 
2.51 
2.67 
2.71 


3.30 
2.80 
3.74 
3.39 
4.01 
4.03 
3.96 
3.46 
3.04 
2.44 
2.91 
2.83 


2.42 

2.48 
2.90 
3.09 
3.87 
4.02 
3.98 
3.69 
3.19 
2.50 
2.26 
2.44 


February 


March 


April 


May 


June 


July 


^ ^ 

August 


September 


October 


November 


December 




Mpati Ann^iAl . , 


37.83 
3.15 


37.88 
3.16 


39.91 
3.33 


36.85 
3.07 


Mean Monthly 





The values of average rainfall shown in figures 107 and 108 were 
obtained in the following manner. From the Weather Bureau publi- 
cations entitled Climatological Data and Monthly Weather Review 
there was obtained for each year of the period 1888-1916 inclusive, 

* Illinois, Indiana, Ohio, Kentucky, and West Virginia. 
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the average monthly rainfall for each state. By taking as weights 
the area of each state in square miles, it was possible to compute the 
average depth of rainfall for a given month over any desired section 
of the United States by adding the weighted means in inch-miles for 
all the states within such section, and dividing the sum by the ag- 
gregate area of the section in square miles. The total rainfall each 
year for the section was then obtained by adding the averages, so 
computed, for the twelve calendar months. 

Figures 107 and 108 show that the variations in annual rain "all 
for the larger area are approximately two-thirds as great as those for 
the smaller area. The average yearly departure from the mean 
annual rainfall for the two areas studied, and also for Dayton and 
for Ohio, for the period considered, was found to be as follows: 

Dajrton 13.86 per cent 

Ohio '. 9.08 " " 

Five interior states 8.27 " " 

Eastern United States 5.84 " " 

This indicates, as seems reasonable, that the larger the area con- 
sidered the smaller is the variation in total annual precipitation over 
that area. 

Figures 107 and 108 possess many features in conmion. Com- 
paring them year by year, the two diagrams agree in 72 per cent of 
the cases as to annual totals being greater or less tha^ the mean annual 
rainfall. The great period of drouth which occurred in 1894 and 
1895 is represented in figure 107 by deficiencies of 5| and 4| inches, 
and in figure 108 by deficiencies of 8 and 7| inches, respectively. 

In a few instances there are marked discrepancies between the 
two diagrams, which must be attributed to decided dififerences in 
precipitation over large areas. Thus, for the year 1900, the rainfall 
over the eastern half of the United States averaged 3§ inches in excess 
of the 29-year mean, as against a deficiency of 2| inches for the smaller 
area. In 1909 the smaller area averaged an excess of 5f inches while 
the rainfall over the larger area averaged normal. The greatest 
excess shown in figure 108 is 9j inches for 1890, as against only 2 inches 
for the same year in. figure 107. In making these comparisons it 
should, of course, be borne in mind that the fluctuations for the 
larger area tend to be less than for the smaller area, the former having 
not only a smaller mean annual rainfall, but also the greater tendency 
for compensating extreme local variations. 

A striking feature of both diagrams is the absence of any evidence 
as to cyclic or progressive variation. Although it may be argued 
that the 29-year period is too short to furnish conclusive evidence 
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regarding this matter, it seems reasonable to suppose that if any 
important cycUc variation does exist some indications, at least, would 
be present in one or both of these diagrams. 

In order to show graphically the extent of the departure of the 
maximum rainfall from the mean for different continuous periods, 
four diagrams were constructed, figures 109 to 112. The first two 
figures apply to the larger area; the latter two, to the smaller area. 
Figure 109 shows the maximum departure in inches from the monthly 
means for continuous periods varying in length from 1 to 6 months. 
Thus the greatest excess of precipitation for any month during the 
29 years over the mean for that month, was in February, 1903, when 
the average over the 37 states was 4.30 inches, an excess of 1.82 inches. 
The maximum deficiency for any one month was in March, 1910, 
when the average precipitation over 37 states was 1.99 inches below 
the mean. In the upper portion of the diagram, the monthly pre- 
cipitation for the 6 months, January to June, 1911, shows an average 
monthly deficiency of only 0.68 inch below the 29-year means for 
those months. Similarly, the 6-month period, September, 1902, to 
February, 1903, has an average monthly excess of 0.81 inch over the 
means for the period. 

An inspection of the chart shows that the principal excesses and 
deficiencies generally occur during the spring and early summer 
months, illustrating a tendency for the depth of rainfall to be more 
erratic during these months than at other times of the year. 

The second diagram, figure 110, shows the maximum variation for 
continuous periods of 1, 2, 3, 4, 8, 12, 16, 20, 24, and 28 years, re- 
spectively, from the 29-year mean. The departures are expressed as 
percentages of the 29-year mean. 

Figures 111 and 112 are similar to figures 109 and 110. Figure 111 
shows that the maximum departures from the normal rainfall also 
occur during the spring and early summer months in the case of the 
smaller area. In practically all cases the actual values of the de- 
partures are seen to be considerably greater for the smaller area than 
for the larger area, as would be expected. 

EFFECT OF STORMS AND EXCESSIVE PRECIPITATION 

It is conceivable that the variations in the number of great storms 
occurring each year might be responsible for a large part of the fluctu- 
ations in the total annual rainfall. With this in mind table 10 was 
prepared, showing the chronological distribution of the 160 storms 
previously discussed. Table 2 is analogous, showing the chronological 
distribution of rainfalls in which there were one or more records of 
excessive precipitation. A comparison of these two tables with the 
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chart showing the total annual rainfall in the eastern United Sti 
figure 107, indicates that the number of large storms and the amc 
of excessive precipitation occurring each year have a decided influx 
on the amount of annual rainfall. 



Table 10. — Number of Great Northern and Southern Storms occurring each y 
and the Yearly Departure from Normal, during the 25-year period 1892-191 



Year 


Southern Storms 


Northern Storms 


Total 


Departure flron 
Normal 


1892 


3 
3 
4 

5 
4 
8 
5 
6 
7 
6 
4 
2 
3 
5 
4 
6 
3 
2 
4 
6 
5 
7 
5 
6 




1 

2 
2 
2 
3 
3 

2 

3 
3 
2 
4 
1 
2 

3 
2 
1 
2 
3 
2 
3 
1 


3 
4 

6 . 
2 

7 
7 
11 
5 
8 
7 
9 
7 
4 
7 
6 
6 
• 6 
6 
4 
5 
8 
8 
9 
8 
7 


— 2 


93 


— 1 


94 





95 


— 3 


96 





+ 4 


+ 1 


+ 2 


- 1 



97 


98 


99 


1900 


01 


02 


03 


04 


05 


06 





07 





08 





09 





10 


— 1 


11 





12 


-f 1 


13 


1 ■*• 

4- 1 


14 


+ 2 


15 


1 ■" 
+ 1 


16 









Total 


113 


47 


160 





Since 160 storms occurred in the 25 years, 1892-1916, the average 
number each year is about 6. On account of unavoidable inexactness 
of the data, let us assume that any year is normal in which 5, 6, or 1 
storms occurred. The storms are listed by years in table 10. This 
table shows the number of storms in the northern and southern 
groups, and the departure from the normal for each year. A com^ 
parison of this annual departure, with the departure of the annua 
rainfall for the same area, figure 107, year for year, shows the influence 
of storms in causing the variation of the total rainfall. It hqs already 
been pointed out that this variation from the 29-year mean over the 
eastern part of the United States is quite small except for two or three 
years. The same thing is true of the variation in number of storms. 
The excess and deficiency, respectively, in the annual rainfall and i 
the annual number of storms, generally occur in the same year. Tb 
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years of maximum departure, however, do not occur simultaneously 
in the two sets of data. The years 1892 and 1895 are minima for 
storms; the total precipitation for the former is above normal, and 
for the latter it is third from the minimum. The year 1898, though 
having the maximum number of storms, is but little above normal in 
total rainfall, while the year 1905, though being a maximum for total 
precipitation, has a normal number of storms, and 1910, the year of 
minimum total rainfall, has a deficiency of only one storm. 

It is clear from this, as might be expected, that the storm rainfall 
and the non-storm rainfall vary, each independently of the other. 
Sometimes the two departures are in opposite directions and tend to 
compensate, producing normal total precipitation; and sometimes 
they are in the same direction, producing a greater total departure. 
Although the non-storm precipitation has not been isolated and 
studied separately, its annual variation apparently is less than that 
of the storm rainfall, since the latter stamps its principal features on 
the variation of the total rainfall. 

This relation between storm and non-storm precipitation could be 
determined much more accurately if maps and time-area-depth curves 
were made for all the storms. From the curves, the total inch-miles 
of water in each storm could be determined, and thus the proportion 
of storm rainfall to total rainfall, and the annual variation of each, 
could be found quite accurately. This process, however, would 
involve a much greater amount of work than the results would prob- 
ably warrant. 

Figure 113 gives a clear idea of the sequence of the 160 storms we 
are discussing. This shows the 47 storms in the northern group, and 
the 113 storms in the southern group, arranged chronologically. The 
date of occurrence, and the greatest, fifth, tenth, and twentieth 
greatest 3-day rainfall records are shown graphically. The storms 
are numbered so that they may be identified by consulting tables 
4 and 5. 

Perhaps the most noticeable fact brought out by this chart is the 
manner in which the storms in one group supplement those in the other. 
For instance, during years in which the storm rainfall was definitely 
below normal in the north, the number of storms occurring in the south 
was either normal or above normal. Conversely, during years in 
which the number of northern storms was greater than normal, the 
storm rainfall in the south was either normal or deficient. This tends 
to confirm the conclusion reached from a study of figures 107 and 108; 
namely, that there is no cyclic or progressive variation in rainfall. 

The evidence of the records of excessive precipitation supplements 
that of the 160 large storms. Table 2, page 77, gives the number of 
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rainfalls recorded in the United States east of the 103d meridian 
causing excessive precipitation at 1 station, at 2 to 5 stations, and at 6 
or more stations, in each year from 1871 to 1914, inclusive. On 
account of the lesser limits chosen for these rainfalls they are much 
more numerous than the storms just described. It is instructive to 
compare the number of such rainfalls with the total annual rainfall, 
year for year, in the same manner in which the storms and the total 
annual rainfall were compared. Since these numerous rainfalls repre- 
sent a much larger percentage of the total annual precipitation than 
do the 160 great storms, it is natural that they should vary in nimiber 
from year to year much in the same manner as does the total precipi- 
tation. This they do, as may be seen by comparing column 5 of 
table 2, with figure 107. 

There is as Uttle evidence of cyclic variation or permanent change 
in the amount of annual rainfall to be found in records of excessive 
precipitation, as in the records of storms and of total precipitation. 



CHAPTER XL— EUROPEAN STORM RAINFALL 

At about the time the investigation of storm conditions in the 
eastern United States was begun, an examination of the most pertinent 
and easily available French and German rainfall and storm literature 
also was conmieneed. This research of foreign Uterature was not 
undertaken in the belief that any relation necessarily exists between 
the storm rainfall of the two continents, and, therefore, an exhaustive 
study, such as that made of storms of the eastern United States, was 
not made of European storms. The much longer European rainfall 
and flood records, however, might be expected to throw additional 
light on the origin and cause of great rainstorms and floods, as well as 
on the relative size and frequency of ordinary great floods as compared 
with the maximum of a very long period of years. 

Although this investigation deals primarily with storms, it is 
advisable to include some consideration of flood runoflf of European 
rivers, because the runoflf records are available for a much longer 
period of years than are the rainfall records. The material here 
given is necessarily fragmentary, as it is in the nature of brief sum- 
maries of the work of a number of diflferent authorities. These sum- 
maries have been placed in what seems to be the most logical order, 
and proper acknowledgments accorded. Care has been used to tran- 
scribe the data accurately, but only that part of the large amount of 
translated material which is directly pertinent to this investigation 
is here presented. 

PRECIPITATION IN RIVER BASINS OF NORTH GERMANY* 

Western Germany, influenced by the ocean, has more uniform 
climatic conditions than the interior of the continent. This is because 
the cyclonal rains, coming from the ocean, reach the interior much 
more feebly and irregularly than they do the coast country; and also, 
because the local summer rains in the interior make up a greater 
percentage of the rainfall than they do in the coast country. 

Considering the rainfall by seasons, the percentage of annual 
rainfall which occurs during the months of December, January, and 
February, decreases from west to east. On the west coast it is 24 

*Die Niederschlage in den Norddeutschen Stromgebieten. By Prof. Dr. G. 
Hellmann. Berlin, 1906. Dietrich Reimer. In three volumes. Vol. I, text; 
Vols. II and III, tables. 
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per cent, and in the eastern part of Germany, or inland country, it is 
16 per cent of the mean annual rainfall. The percentage which occurs 
during March, April, and May, varies from 18 per cent at the west 
coast to 24 per cent inland, the relations being reversed. This differ- 
ence is more marked during June, July, and August. The percentage 
of the annual rainfall then occurring varies from 30 per cent at the 
west to 40 per cent at the east. In September, October, and November 
the distribution is again like that of winter; namely, the decrease is 
from 30 per cent at the coast to 22 per cent inland. The north 
German inland country, therefore, has relatively heavy rainfall in 
spring and supmier; the coast region, on the other hand, in autumn 
and winter. Comparing the cold half of the year, October to March, 
with the warm half, April to September, the coast country at the 
west receives about 50 per cent of its rainfall in each half, while the 
inland country has 15 per cent more in the warm half of the year than 
in the cold. 

Leaving the Swiss stations out of consideration, the maximum 
monthly rainfall advances apparently regularly from south to north. 
The south and southwest, the upper Elbe and a part of the upper 
Rhine basins, have the maximum in June; the middle and northern 
part, the major portion of the area here studied, in July; a small 
inland strip of northern Hanover and Schleswig-Holstein, in August; 
the northwest coast around the Elbe mouth, the west coast of the 
JBaltic (Schleswig-Holstein), the east coast of the Baltic in East 
Prussia around the mouth of the Memel, the extreme southwest of 
Germany on the basin of the upper and middle Mosel, and the part 
of the Jura Mountains in Switzerland draining into the Rhine, have 
the maximum in October. 

The month of least average rainfall Ukewise advances from south 
to north. January is the month of least average rainfall for the region 
furthest from the coast, including the entire southern part except the 
Swiss stations. A great area northeast of this, including the upper 
and middle basins of the Memel, Pregel, and Weichsel, as well as the 
right tributaries of the Oder, and two small districts in western 
Germany, have February as the month of minimum rainfall. Prac- 
tically all of western Germany, as well as most of the coast of the 
Baltic, have April as the minimum. From this it is evident that the 
time of occurrence of extremes is exactly 6 months apart for wide 
areas. 

Besides the principal maximum and minimum, there are evident 
in annual curves of rainfall still further secondary extremes. These 
occur in March, October, and December, and are confined to the 
western and northwestern part of Germany, that is, to the lands near 
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the coast. They are caused by the action of great cyclonal rainfalls 
covering wide areas and occurring chiefly in the cold season. Such 
storms have often caused floods in the Rhine, Ems, and Weser basins. 

Stations at low elevations show less variation of annual rainfall 
than those located at high elevations. The smallest mean monthly 
rainfall in the low country amounts to from 0.98 to 1.58 inches. In 
the driest regions it goes as low as 0.79 inch, as at Prag, where the 
mean annual is 17.6 inches; and apparently somewhat lower at other 
points. At the stations lying nearer the ocean and receiving greater 
rainfall, it frequently rises to over 1.58 inches, as 1.73 inches at Trier, 
mean annual, 26.8 inches; 1.77 inches at Kleve, mean annual 30.4 
inches; and 2.16 inches at Aachen, mean annual 33.4 inches. In the 
mountains the records naturally vary much more. Only one of the 
stations studied did not have a minimum mean monthly rainfall of 
less than 3.94 inches. 

In the level country of middle and north Germany, the greatest 
monthly rainfall fluctuates between 2.56 and 3.74 inches. In the 
driest sections it remains somewhat lower. Posen, with a mean annual 
rainfall of 19.4 inches, has a maximum monthly rainfall of 2.44 inches; 
Prag, with a mean annual of 17.65 inches has a maximum monthly 
rainfall of 2.48 inches. At many inland stations, where the summer 
rains are more pronounced than in the regions of ocean climate, this 
increases to 4 inches or more. Limberg, for instance, has a mean 
annual rainfall of 27.7 inches, and a maximum monthly rainfall of 4.1 
inches. 

In the mountainous country of north Germany, Klaustal, on the 
plateau of the upper Harz mountains, which has a mean annual rain- 
fall of 53 inches, has the greatest mean monthly rainfall of 5.86 inches. 
The Swiss stations in the upper Rhine basin have a much higher 
mean monthly rainfall, as for instance Altstatten with 6.5 inches, 
and a mean annual of 49.8 inches; St. Beatenberg, 6.9 inches, mean 
annual 57 inches; St. Gallen, 7.36 inches, mean annual 56.5 inches; 
and Einsiedeln, 7.8 inches, mean annual 62 inches. Other Swiss 
stations run up to above 11.8 inches. It can therefore be taken that 
the mean monthly rainfall of the north German river basins varies 
between 0.79 and 12.6 inches. 

About 4000 stations, 2348 of them in north Germany, were studied 
for this work. Their total records covered an aggregate of approxi- 
mately 30,000 years. Only about 30 per cent of the 4000 had records 
extending through a period of 10 years or more. The records belong 
to diflferent periods, and are scattered irregularly over the area con- 
sidered. 

Analysis shows that continuous rainfall records of not less than 
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30 to 40 years are required to give a reliable figure for the mean annual. 
To determine the mean monthly rainfall within 2 per cent, 60 year 
records are necessary. 

RELATION BETWEEN THE MAXIMUM 24-HOnR RAINFALL 
AND THE MONTHLY AND ANNUAL RAINFALL 

IN GERMANY 

At a number of representative stations a quite uniform relation 
was found to exist between the average maximum 24-hour rainfall 
for a given month and the average rainfall for that month. The 
former is generally about 25 or 30 per cent of the latter. At stations 
where the annual precipitation is small this percentage may increase 
to about 32 per cent; at stations where the annual precipitation is 
large, it may decrease to about 22 per cent. The percentage is 
somewhat smaller during the winter months of October to March 
than during the summer months of April to September. In the 
winter it averages about 25, and in the smnmer about 29 per cent. 

A similar relation exists between the greatest 24-hour rainfall 
which has ever been recorded during a given month and the average 
rainfall for that month. The former generally is from 65 to 80 per 
cent of the latter. Here, also, the percentage is greater at stations 
where the annual rainfall is small than where it is large. And, too, 
the percentage is smaller in the winter than in the summer months, 
averaging about 70 per cent in the former and 80 per cent in the latter. 

The records at 28 representative stations were used to determine 
the relation of the average greatest 24-hour rainfall per year, at a 
given station, to the mean annual rainfall at that station. The 
stations were located principally in north Germany, and each had a 
complete record of 35 or more years. The determination of this 
relation at the individual stations showed that the average greatest 
24-hour rainfall per year is relatively larger at stations having little 
rainfall than at stations having much rainfall. 

By analyzing the results an empirical formula was deduced for 
determining the average greatest 24-hour rainfall per year at any 
station in the region to which the formula is applicable. 

Let M be the average greatest 24-hour rainfall per year at a given 
station; H, the mean annual rainfall at that place; and P, the per- 
centage ratio of the former to the latter. Then, for that station 

lOOM 



P = 



H 



By plotting on coordinate paper the actual values of P and H 
obtained at the 28 representative stations, the'manner in which P de- 
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FIG. 114.— CURVE SHOWING RELATION AT INDIVIDUAL STATIONS 

BETWEEN THE AVERAGE GREATEST ANNUAL 24-HOUR 

RAINFALL AND THE MEAN ANNUAL RAINFALL. 

The curve is based on the records at 68 stations in Germany and Switzerland. 

creases with an increasing value of H was clearly shown. In this 
way was found the desired general equation for determining the average 
greatest 24:-hour rainfall at any station, when the mean annual rain- 
faU is known. 

Between P and H there exists an equation of the form 

The constants a and 6 are found to have the values, a = 2.11 and 
6 = 84.17, when H is expressed in inches. Therefore, 

84.17 



P = 2.11 + 



H 



M = 0.8417 + 0.0211ff 

Naturally these have no physical meaning, but are to be looked 
upon only as empirical formulas Umited by the amount and character 
of the data upon which they are based. The following values obtained 
by the use of these equations may make clearer the relation between 
H, P, and Af : 



J7 Inches 


P Per Cent. 


M Inches 


H Inches 


P Per Cent. 


M Inches 


15 


7.78 


1.17 


40 


4.21 


1.69 


20 


6.32 


1.26 


45 


3.98 


1.79 


25 


5.47 


1.37 


50 


3.79 


1.90 


30 


4.91 


1.47 


55 


3.64 


2.00 


35 


4.51 


1.58 


60 


3.51 


2.11 
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Only a few of the 28 stations used in determining the foregoing 
equations have a large annual rainfall. In south Germany and 
Switzerland, 40 additional representative stations were therefore 
chosen, each of which had a record of 24-hour maxima for at least 
21 years. With these, the average greatest 24-hour rainfall per year 
in per cent of the corresponding mean annual was again calculated 
for each station. The 68 values of P and the corresponding values 
of H were plotted on coordinate paper, and a curve was sketched in 
averaging the points. The curve obtained is shown in figure 114. 
Attempts to establish equations similar to those above were not 
satisfactory because of the irregularity of the plotted points. This 
irregularity is ascribed to the fact that the records were shorter, the 
stations more scattered, and the records of less uniform value than 
the 28 records used in the preceding analysis. 

MAXIMUM 24-HOnR RAINFALLS OF 3.94 INCHES (100 MM) 

OR MORE 

The stations having long-term records are too few to suffice for 
determining the frequency and extent of the extreme greatest rains. 
Such rains occur either as local thunderstorms, for the determination 
of which the stations having long records are too far apart; or as 
general rains, whose extent and greatest amoimt cannot be accurately 
determined by such stations. The establishment of a close net of 
rainfall stations has made possible a more accurate insight into the 
conditions of maximum rainfall. Some results of studies of the 
occurrence of extreme maximum 24-hour rainfall, based on records at 
445 stations, will here be given. Only maxima of at least 3.94 inches 
(100 nmi) will be considered. 

Considering, first, the bulk of the maximum 24-hour measurements, 
it is plain that the stations in the level country are to be diflferentiated 
from those in the mountains. The extreme maximum values occur 
among the latter, as follows: 

a J X * (North side 9.42 inches 

S"^^*^^ isouthside 13.7 

Erzgebirge 5.86 

Harz Mts 6.15 

Thuringerwald 5.40 

Schwarzwald 6.90 

Vogesen 5.40 

A 1 /T51.- T> • N f Austria 7.60 

Alps (RLme Basin) -jg^^^^^^^ ^^^ 

* Mountains between Silesia and Bohemia, southeastern Germany. 
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The highest figure given for the Alps may readily have been 
exceeded, since stations in the high country are not numerous. Except 
for the Sudeten and the Alps, the other mountain rainfalls are not 
unusually high and are often exceeded by maxima in the level country. 
These level country maximum 24-hour rainfalls occur during the most 
intensive rains. Between the maxima occurring in the mountains 
and in the flat country there is the general diflference that the mountain 
rains generally fall as widespread rains lasting the entire 24 hours, 
while the low country maxima fall in a short time, often in a few hours, 
and are generally accompanied by thunderstorms. An hour's rain 
of the former would fall in 5 minutes in the latter. The former are 
widespread, and cause extensive floods; the latter are mostly local, 
but cause relatively large damage within limited areas. 

The greatest 24-hour rainfalls in the level country occur in the 
continental and dry areas, where a rainfall of 5.5 to 5.9 inches in 24 
hours is not uncommon; while in wet northwest Germany and in the 
coast regions, the limiting value of 4.72 inches has not yet been 
exceeded. 

Following are some values of absolute maximum 24-hour rainfalls, 
in inches, at representative stations in Germany: 



station 



Inland Regions: 

Welikij Dwor, Gouv. Wilna . 

Rominten, Ostpreussen 

Kurwien, Ostpreussen 

Wildgarten, Westpreussen . . 

Berlin, Brandenburg 

Sommerfeld, Brandenburg. . 

Triebel, Brandenburg 

Schlanstedt, Sachsen 

Pima, Kgr. Sachsen 

Coast Regions: 

Kolberg, Pommem 

Schwerin, Mecklenburg 

Kiel, Schleswig-Holstein .... 

Ahlden, Hanover 

Nieder Warsburg, Westfalen 



Mean Annual 
RalnfaU 



25.0 
2*2.9 



21.25 
26.8 

22.8 
23.8 
26.8 
22.9 
24.6 



24-Hoiir Rain- 
fall 



5.50 
5.67 
5.67 
6.06 
6.54 
5.86 
5.63 
6.02 
6.15 

4.01 
4.65 
3.94 
4.60 
4.40 



Ratio 



.23 

.*28 



.28 
.23 

.18 
.20 
.15 
.20 
.18 



The highest maxima in the drier regions amount to about 20 to 30 
per cent of the corresponding mean annual rainfall; but in the moister 
regions, to only 15 to 19 per cent. The law previously found, namely, 
that the average 24-hour maximum does not increase in proportion 
to the annual rainfall, is, therefore, confirmed by the absolute maxi- 
mum 24-hour rainfall. This influence of inland position upon absolute 
maximum 24-hour rainfall is well shown on a map with a small dot 
for each station where a maximum 24-hour 'rainfall of over 3.94 inches 
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has occurred. Very few dots occur in or near the coast regions; they 
are very numerous n central and southern Germany; more occur on 
the upper third of the Elbe Basin than anjrwhere eke; and there are 
practically none in the rainy western mountainous country of north 
Germany. By far the greater number of maximum 24-hoiir rainfalls 
occur in the simmier months of June, July, and August. A study 
shows that differences exist between the extreme west and the middle 
and eastern areas. 

Considering, first, only the individual or local maxima which occur 
at one or two stations and which, as already remarked, belong ex- 
clusively to the low country, the following distribution in per cent is 
obtained: 



Location 


April 


May 


June 


July 


Aug. 


Sept. 


Oct. 


North Germany (per cent) 

Austria (per cent) 


2 


13 
11 


22 
39 


32 
20 


17 
28 


13 
2 


1 







Such a table is not given for the low country stations of south 
Germany and Switzerland, because very few of the stations in the low 
coimtry have a maximum 24-hour rainfall of 3.94 inches or more. 

If the 24-hour maxima are arranged according to drainage basins, 
the following table shows their percentage of occurrence in the various 
seasons. 





winter 


Spring 


Summer 


Autumn 


Weichsel 




4 

10 

18 

6 


87 
80 
74 
33 


9 
10 

8 
34 


Oder 




Elbe 




RhiTie -,-,-.., 


27 





The floods caused by heavy rains must therefore occur in the warm 
half of the year on the easterly streams, Weichsel, Oder and Elbe. 
On the Rhine, the cold half of the year has a greater percentage of such 
floods. This would stand out still more on the Rhine if the maxima 
of local character were eUminated, especially on the upper Rhine, so 
far as it is represented by the stations of Switzerland, Austria, Bavaria 
and Alsace-Lorraine. The greatest floods caused by rainfall occur in 
the warm half of the year on the Memel, Pregel, and Weser rivers, 
just as on the Weichsel, Oder, and Elbe. 



HEAVY LOCAL RAINS OF SHORT DURATION 

The following table shows the average intensity, in inches per 
minute, and frequency of heavy rainfalls of short duration. It is the 
average for north Germany for the period 1891-1902. 
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Duration 

(minutes) 
Intensity 

(inches 

per 

minute) 
Number. . 


4.4 

0.071 
91 


11.8 

0.048 
357 


25.6 

0.037 
346 


41.5 

0.030 
167 


58.0 

0.024 
185 


1 h. 30 m. 

0.018 
319 


2 h. 37 m. 

0.013 
123 


4h.31m. 

0.008 
151 



It will be noted that the intensity diminishes with the duration^ 
as would naturally be expected. 

The most noteworthy cloudbursts in North Germany in 1891- 
1902 were: 



station 


Date 


Duration 


Inches of Raln- 
faU 


Waltershausen in ThUringen 


Aug. 14, 1884 
Sept. 7, 1886 
May 11, 1890 
June 21, 1895 
Aug. 1, 1896 
July 17, 1887 
June 12, 1889 
Apr. 14, 1902 


Ih. 

Ih. 

1 h. 35 m. 

2h. 

1 h. 40 m. 
2h. 

2 h. 15 m. 

3 h. 30 m. 


2.96 

3.86 
4.37 
5.05 
5.27 
6.30 
5.20 
5.63 


Neustadt on the Haardt 


Schwerin in Mecklenburg 


BobersburK in Schlesweie 


Wildgarten in .Westpreussen. 


Kemnitz in Oberlausitz 


Gdrlsdorf in Brandenbiurg 


Bfirlin 





STORMS AND FLOODS IN EUROPEAN RIVER BASINS 

Storm and flood data pertaining to a few European rivers has been 
gathered from a number of sources. An exhaustive study of the storms 
and floods in each river basin has not been attempted, although the 
material originally translated was much more comprehensive than the 
short summaries here published. 

The data given is not equally comprehensive for all the basins, 
because the records and studies of some were much more accessible 
and complete than for others. As far as the available data would 
permit, however, the foUowing information and records are presented 
for each river: (a) The location, area, topographic, and hydrographic 
features of the river basins; (b) the normal and extreme rainfall 
conditions; (c) the principal floods of the past, their relative sizes, 
and the depths of rainfall and peculiarities of the storms which caused 
them. 

Floods in the Elbe River* 

The Elbe rises in Bohemia, northern Austria, flows northward and 
northwestward into Germany at Tetschen, Bohemia, past Dresden, 
Magdeburg, and Hamburg, and into the North Sea at Cuxhaven. 

* Reports of the Austrian Hydrographic Bureau, and "Der Elbstrom, sein 
Stromgebiet und seine wichtigsten Nebenfltisse.'' 
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The Moldau and Little Elbe, both rising in northern Austria, join to 
form the main Elbe about 23 miles below Prague at Melnik, Bohemia. 
The drainage area of the Moldau at its junction with the Elbe at Mel- 
nik is 10,850 square miles, the drainage area of the Little Elbe at that 
place is 5,290 square miles, and the drainage area of the total Elbe 
at the German border at Tetschen, Bohemia, is 19,730 square miles. 

The mean annual rainfall over the Moldau basin, as determined 
from the records for the years,1876-1900, is 29.05 inches; that of the 
Little Elbe for the same period of years is 28.25 inches; and that of 
the total Elbe above Tetschen is 27.10 inches. 

The three greatest floods of recent years on the upper Elbe and 
its tributaries were those of September 1-4, 1890, July 27-31, 1897, 
and September 7-13, 1899. Measurements of the discharge of the 
Moldau, the Little Elbe, and the Elbe were made during each of these 
floods. Measurements of the Moldau were made at Prague, a short 
distance above its jimction with the Little Elbe, where it has a drainage 
area of 10,400 square miles; measurements on the Little Elbe were 
made at Brandeis, where it has a drainage area of 5180 square miles; 
and measurements of the total Elbe were made at Tetschen. Fol- 
lowing are the results of the measurements, the gage heights, the 
average rainfall, and the total runoff for each basin during each flood. 





Average Rainfall 
in Inches 


Max. DlBcharge 
in Second Feet 


Max. Gage 
Height in Feet 


Total Runoff 
in Per Cent. 


Moldau at Prague, 
Bohemia: 

September 1-4, 1890 

July 27-31, 1897 

September 7-13, 1899. . . . 
Little Elbe at Brandeis, 
Bohemia: 

September 1^, 1890 

July 27-31, 1897 

September 7-13, 1899. . . . 
Total Elbe at Tetschen, 
Bohemia: 

September 1-1, 1890 

July 27-31, 1897 

September 7-13, 1899. . . . 


4.27 
5.02 
4.01 

2.48 
4.65 
2.86 

3.35 
4.67 
3.37 


140,000 
69,000 
69,800 

16,580 
25,400 
11,780 

157,000 
94,200 
76,200- 


16.6 
11.0 


57 

25* 
19 

37 
29 
17 

53 

26* 

19.5 


9.1 
10.1 


27.8 
18.7 





The greatest recorded rates of discharge of the two tributaries 
and of the total Elbe at Tetschen, are as follows: On the Moldau at 
Prague, March 29, 1845, there was a discharge of 159,000 second 
feet; on the Little Elbe at Brandeis, March 9, 1891, there was a 
discharge of 38,830 second feet; and on the total Elbe at Tetschen, 
March 31, 1845, there was a discharge of 197',700 second feet. 

The above table indicates that the amount of rainfall in a storm 
is not an accurate index of the size of flood which it produces. The 

* Average annual percentage is 27 for Elbe above German border. 
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fact that the 1890 floods with less rainfall, was greater than the flood 
of 1897, is explained by the Austrian Hydrographic Bureau as follows: 

Some increase in the rate of runoff was due to the harvests being 
all gathered before September, 1890, while they were still standing 
in July and August, 1897. The main cause of the difference in per- 
centage of runoff, however, was the excessive rainfall during August, 
1890. The average for the month over the entire area above the 
Geraian border was 5.57 inches, as against the 15-year average of 
2.96 inches. Thus, the flood rainfall of September 1-4, 1890, found 
the streams already with considerable flow, and the ground thoroughly 
saturated. The 1897 flood rainfall on July 27-31, on the other hand, 
was preceded by 26 days below the average in rainfall, since an average 
of only 2.36 inches of rain fell during the first 26 days of July, 1897, 
as against a 15-year average for July of 3.50 inches. The distribution 
of the rainfall over the drainage area, and the temperature conditions, 
in 1890, were also much more conducive to a high rate of runoff than 
in 1897. 

The results of a comparison of the flood periods of July-August, 
1897, and September, 1899, are summarized by the Austrian Hydro- 
graphic Bureau as follows: 

(a) The volume of rainfall which fell at the time of the flood of 
1897 was much more considerable than that of the year 1899, the 
former amounting, for the total basin, to about 1.4 times the latter. 

(b) Similarly, the volume of runoff in 1897 far exceeded that in 
1899, in that in the former the volume for the total basin was 1.8 
times, for the Moldau basin 1.6 times, and for the Little Elbe basin 
2.7 times greater than in the latter. 

(c) In 1897 higher maxima were reached generally. Only on the 
Moldau and Wattawa rivers did the flood wave of 1899 reach a greater 
height. 

(d) Finally, in 1899, as a result of the smaller rainfall, lower runoff 
coefficients than in 1897 were obtained, which phenomenon is espe- 
cially noticeable on the Little Elbe basin above Melnik. 

Floods in the Oder River* 

The Oder River rises in northern Austria and enters Germany in 
the province of Silesia. The tributaries coming into the Oder on the 

* Ftihrer durch die Sammelausstellung aus dem Gebiete des Wasserbaues 
Brussels, 1910. 

Centralblatt der Bauverwaltung, 1894, pp. 345-350. 

Jahrbuch ftir die Gewasserkunde, 1901. 

Handbuch der Ingenieur Wissenschaften III, I Band, 4 Auflage. 

Der Oderstrom, sein Stromgebiet und seine wichtigsten Nebenfltisse. 
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left or west bank have a steep fall. They come down from the moun- 
tains of the Austrian boundary, which stretch their foothills far 
toward the Oder, leaving only a narrow strip of level country along 
the river. Their drainage basins receive a very heavy rainfall, 
especially in the upper portions. In the comparatively narrow strip 
of flat land along the river the rainfall is low, often less than 20 inches 
of mean annual rainfall; in the moimtains it is 40 inches or more, 
sometimes as high as 65 inches. In the low country the average daily 
rainfall in storms is 1.4 to 1.6 inches, with a maximum of 3.3 inches, 
while in the mountainous coimtry it is 3.1 inches on the average, with 
a maximum of 8 inches. At Neuwiese, a station near the source of 
the GorUtzer Neisse tributary, a maximum 24-hour rainfall of 13.6 
inches was recorded on March 29, 1897. The total rainfall at this 
station during the storm of July 26-31, 1897, was 17.8 inches. 

The following table shows the rainfall in inches at 13 representative 
stations on the Oder basin. The number of years of record end with 
the year 1890. 



station 


Years of 
Record 


Maximum 
Azmual 
RainfaU 


Minimum 
Annual 
RalnfaU 


Mean 

Annual 

RalnfaU 


Maximum 
24-Hour 
Balnfall 


Breslau 


82 
34 
18 
36 
26 
32 
43 
40 
43 
24 
33 
28 
32 


26.0 

31.4 
30.8 
32.6 
73.5 
35.5 
26.8 
27.3 
25.8 
24.7 
27.3 
24.5 
26.5 


6.1 
14.3 
15.0 

14.8 
22.6 
21.0 
13.8 
11.3 
12.6 
19.5 
12.2 
12.2 
15.8 


22.2 

24.1 
22.0 
22.0 
47.2 
26.8 
20.3 
19.6 
20.2 
26.6 
17.8 
18.6 
19.7 


4.4 

3.5 

* ' 2.6* ' ' 
6.1* 
3.8 
3.7 
3.3 
3.3 
3.0 
2.5 
2.7 
3.3 


Ratibor 


Kreuzburs 


Zechen-Guhrau 


Wang 


Eichberg 


Frankfurt on Oder 

Posen 


Stettin 


PftTnrnin. 


Prenzlau 


Hinrichshagen 


Ltibbenow 





The cloudburst of August 2-3, 1888, on the basins of the upper 
Queis, Katzbach, and Bober caused the greatest floods in these 
streams since 1804. The Queis, Katzbach, and Bober are tributaries 
on the left bank of the Oder in Silesia. The storm of 1888 began on 
the evening of August 2 and lasted from 15 to 18 hours. The mean 
annual rainfall and the average precipitation during this cloudburst, 
as determined from a number of station records on each basin, are as 
follows: 



Basin 


Mean Annual Rainfall 


Rainfall August 2-3, 1888 


Per cent of Mean Annual 


Oueis 


32.62 
25.08 
31.78 


5.64 
4.19 

3.90 


17.3 
16.7 
12.3 


Katzbach 


Bober 





* This occurred on July 17, 1882; on July 30, 1897, there was a rainfall at this 
station of 8.66 inches. 
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Another great summer flood occurred June 14-23, 1894, on the 
upper part of the Oder and Weichsel River basins. The average 
rainfall over these basins, for the maximum period of 24 hours, June 16, 
as determined from the records of 14 representative stations, was 
2.23 inches; the average for the maximum 3-day period, June 15-17, 
as determined from the records of 5 of these stations, was 5.83 inches; 
and the average for the whole storm period, June 14-23, at 4 stations, . 
was 9.60 inches. 

The storm fell on saturated ground. There had been intermittent 
rains for 14 days preceding, most of which had run off. The rate of 
rainfall on the upper. Olsa basin, an upper tributary of the Oder, 
above Teschen, having a drainage area of 185 square miles, was 
14,120 cubic feet per second on June 16, as estimated from the records 
at two stations. One of these stations, Istehna, reported 3.06 inches; 
the other, Jablunkau, reported 3.48 inches. These are two of the 
highest records for the maximum day. The discharge at the maxi- 
mum stage on June 17 was 18,800 second feet, or 101.5 second feet 
per square mile, showing that the rainfall on the mountains must have 
been considerably higher than that recorded at the stations, which lie 
in the valleys, and that practically all the rainfall ran off. This 
occurred in a basin, the greater part of which was covered with heavy 
woods and the soil of which under ordinary conditions is not im- 
permeable. 

A third great flood of recent years on the Oder basin was that 
caused by the storm of July 27-31, 1897. This flood did great damage 
and in the province of Silesia 28 lives were lost. Extensive protective 
measures were carried out as a result of this flood. The^ average rain- 
fall over the drainage areas of the principal tributaries of the upper 
Oder during the maximum 24-hour period, July 29-30, and during the 
total 4 days of rainfall, July 27-31, 1897, was as follows: 



Tributary 


Drainage Area Square 
Miles 


Maximum 24-Hour 
RalnfaU 


Total RalnfaU 
July 27-31 


Lomnitz 

Zacken 


45.2 

105 

44.2 

17.5 

793.4 

388.6 


6.61 
4.56 

4.33 
5.67 
3.31 
3.79 


9.96 

7.05 
6.97 
6.90 
4.94 
5.56 


Kemnitzbach 

Zippelbach 

Bober 


Queis 





The maximum discharge of the Bober was 67,750 second feet, or 
85.5 second feet per square mile; that of the Queis was 42,400 second 
feet, or 109.0 second feet per square mile. 
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Floods in the Danube River* • 

The Danube is formed by the union of the two mountain streams, 
Breg and Brigach, which rise in the Black Forest in the Grand Duchy 
of Baden, Germany. These streams join at Donau-Eschingen, in 
Baden, and, from there, the Danube flows through Wurtemberg and 
Bavaria and enters Austria at Passau, about 200 miles above Vienna. 
The distance from the source of the Danube to Vienna is about 500 
miles, and its total length is about 1735 miles. The drainage area 
above Vienna is about 39,400 square miles, and the total drainage 
area is about 315,500 square miles. 

The annual average rainfall over the Danube basin above Vienna 
for the 14-year period 1896-1909 was as follows: 

1896 47.1 inches 1903 41.5 inches 



1897 . . 


45.4 




1904 38.3 


1898 . . 


38.7 




1905 42.5 


1899 . . 


44.0 




1906 44.9 


1900.. 


40.8 




1907 40.0 


1901 . . 


39.2 




1908 34.8 


1902.. 


40.8 




1909 42.0 




Maximum . 




47.1 inches 




Mean 




41.6 " 




Minimum. . 




34.8 " 



tt 
It 
it 
tt 
tt 



The Hydrographic Bureau of Austria, from whose records much of 
the material here is taken, has made an exhaustive study of floods and 
flood conditions on the Danube at Vienna. 

Records of floods on the Danube extend back to the year 1000, 
during which time there have been repeated disastrous floods, causing 
great loss of Ufe and property. The greatest was in 1501, the second 
greatest in 1787, and the third greatest in 1899. 

The greatest flood in the Danube ever recorded, that of 1501, 
had a maximum discharge at Vienna of 494,200 second feet, or 12.6 
second feet per square mile. The next greatest, that of 1787, dis- 
charged 416,540 second feet, or 10.6 second feet per square mile. The 
third greatest, that of 1899, had a maximum discharge of 370,650 
second feet, or 9.5 second feet per square mile at Vienna. A very 
large flood in the Danube also occurred July 16-31, 1897. In this 
flood the maximum discharge at Vienna was 337,100 second feet, or 
8.6 second feet per square mile. 

The following amounts in inches for maximum 1-day and 2-day 

* La Danube dans la Basse Autriche, by M. Armand. Annales des Fonts et 
Chauss^es, 1910, V. 

Reports of the Austrian Hydrographic Bureau. 



STORM RAINFALL OF EASTERN UNITED STATES 



255 





periods and for the entire storm of 7 days, at stations reporting greatest 
rainfall, will give the reader an idea of the precipitation in the storm of 
September 8-14, 1899: 



Period 



Max. 1 day. 
Max. 2 days 
Total 7 days 



station 



Mahlau 

Langbathsee 
Alt-Aussee* . 



Sept. 
Storm 



Mean 
Annual 



11.3 
17.0 
26.2 



61.1 
82.5 



Year 
1890 



78.9 

98.6 
105.6 



Sept., 
1899 



22.5 
27.0 
31.2 



Mean 

for 

Sept. 



5.35 
7.72 



The tabulation below shows the average amount of rainfall over 
the Danube watershed above Vienna during three large storms, and 
the discharge at Vienna for these and the two greatest previous floods. 
For the storm of July, 1897, the records at 371 stations were used in 
determining the average rainfall; for the storm of September, 1899, 
the records at 472 stations were used; there is nothing to indicate the 
number of records used in determining the average for the storm of 
August, 1890. 



storm 



Causing flood of 1501 

Causing flood of 1787 

August 24 to Sept. 5, 1890. 

July 16-31, 1897 

September 8-14, 1899 



Max. 1-Day Rain- 
fall, Inches 



1.48 
1.65 
2.37 



Total Storm Rain- 
fall, Inches 



7.11 
5.90 
6.71 



Max. Disch. 
Sec.-Ft. 



494,200 
416,540 



337,100 
370,650 



A study of rainfall and runoff shows that the greatest recorded flood 
may some day be exceeded. For example, the great flood of 1899 
occurred in September when the Danube is low. The -same rainfall 
could occur in June or July, when the river is high due to the melting 
of snow and glaciers. Also, part of the precipitation at the time of 
the flood of 1899 was in the form of snow in the mountains. If this 
had all been rain, the resulting flood would have been greater. The 
soil was capable of more absorption in September than if the flood 
had occurred earlier in the year. The rainfall could have had a 
longer duration and local heavy downpours could have increased its 
effect in raising the river at Vienna, as shown by past rainfall records. 

In short, despite the records of over 900 years at Vienna, the 
government experts are convinced, after studies with the most com- 
plete and long term records of rainfall and gage heights, that provision 
should be made for a greater flood than has ever yet been experienced. 
This was also borne out by a study of the possible combinations of 

* The precipitation for the maximum day at Alt-Aussee was 9.58 inches. 
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various tributary floods, which showed that combinations much more 
conducive to maximum stages in the Danube were Uable to occur. 

These studies also showed that, as might be expected, the most 
favorable conditions for a great flood were when the rainstorm travelled 
in the direction of flow of the main river. A Ugjiter storm traveUing 
thus might cause a greater rise than a heavier rainfall going upstream 
or across the basin. 

The Hydrographic Bureau of Austria concluded that, on the 
average, great floods may be expected about once a decade, sometimes 
twice. Extraordinary floods, like 1899> 1787, and 1601, due to wide- 
spread, excessive, extended rainfall, or to snow melting combined with 
heavy rains, occur seldom, but may occur several times during a 
century. A record of 100 years is not long enough to fix the maximum 
flood. A record of 600 years or more is scarcely sufficient. For ex- 
ample, the 1899 flood, the maximum of the 19th century, might have 
been taken as the maximum to determine the channel capacity. It 
was the maximum for over a hundred years, yet the flood of 1501 
had a 33 per cent greater maximum discharge at Vienna. 

Floods in the Seine River* 

The river Seine of northern France flows west through Paris and 
empties into the English Channel. Its principal tributaries ebove 
Paris are the Aube, Yonne, and Mame. The mouth of the latter is 
but a short distance above the city. The Oise empties into the Seine 
from the north a short distance below Paris. The total area of the 
Seine basin is 30,400 square miles; the drainage area of the main 
stream and its tributaries above the mouth of the Oise is 16,730 square 
miles. 

The regimen of the Seine basin is regular. The highest altitudes 
at the headwaters reach 2600 feet. About one-third of the drainage 
area is impermeable strata; the rest permeable. Rains falling on 
the impermeable strata always produce the. highest floods at Paris. 
The floods caused by the tributaries flowing over the permeable strata 
take considerably longer in reaching Paris. The Seine, consequently, 
remains in flood for several days. If during that period another 
rainfall occurs, a higher flood follows. The river may continue rising, 
therefore, during whole months, from the effects of successive rains. 
Floods on the other great rivers of France, the Rhone, Garonne, and 

* The information and data here given was taken principally from three sources: 
The Report of the Flood Commission of Paris, 1910; Les Inondations du Bassin de 
la Seine; and Observations faites sur la Seine k Paris pendant la Cnie de Janvier- 
Fevrier-Mars, 1910. M. Arana. (Annales des Fonts et Chaussto, 1911, VI, 
p. 600.) 
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Loire, on the contrary, are generally the result of one rainfall. Their 
rise is rapid and high, but of short duration. 

The* annual rainfall over the Seine basin during the 37-year 
period, 1871-1907, determined from the average of the records at 
130 stations, was as follows: 



Year 

1871 
1872 

1873 

1874. 

1875. 

1876. 

1877. 

1878. 

1879. 

1880. 



Annual 
Rainfall 



23.9 
34.6 
.26.5 
21.5 
,28.2 
27.6 
32.4 
34.4 
28.9 
,29.7 



Year 

1881. 
1882, 

1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 



Annual 
Rainfall 

.25.3 
.34.0 
.29.0 
.24.0 
.30.4 
.31.8 
.24.2 
.28.0 
.26.7 
.26.2 



Year 

1891. 
1892 

1893 

1894 

1895 

1896 

1897, 

1898, 

1899, 

1900. 



Annual 
Rainfall 



.27.8 
.27.2 
.23.4 
.25.3 
.26.8 
.30.4 
.27.0 
.23.2 
.26.1 
25.7 



Annual 
Year RainfaU 

1901 26.4 

1902 26.5 

1903 27.0 

1904 25.1 

1905 28.2 

1906 27.9 

1907 25.0 

Mean 27.5 

Max 34.6 

Min 21.5 



The average annual rainfall at various stations in the upper region 
of the basin varies considerably from the general average of all the 
upper region stations. Thus the maximum average annual rainfall 
at any station is 69.4 inches, and the minimum is only 22.4 inches. 
About 46 per cent of the rain falls between November 1 and April 30, 
and 54 per cent between May 1 and October 31. The greatest rain- 
fall is in the upper mountainous part of the basin, the next greatest 
toward the sea, and the least amount in the intermediate region. 
Thus the region around Paris receives the smallest amount of rainfall 
in France, the annual amount being only 22.9 inches. 

The most abundant and persistent rains rarely cause a flood in the 
Seine during the warm season. In the cold season, the floods are 
more frequent; but even then they are rare enough to class the Seine 
among the quiet rivers. During the 18th and 19th centuries there 
were at Paris 33 floods of 16 to 20-foot stages, 11 above 20 feet, and 3 
disastrous floods above 23 feet. During the same two centuries there 
were only 10 floods during the warm season, which reached stages of 
10 to 17 feet. The rainfall statistics show that although heavy rain- 
falls are required to cause great floods on the Seine, they do not 
necessarily produce them. 

The table on the following page gives the rainfall in inches at 15 
representative stations on the Seine watershed above Paris, which 
caused four great floods in the past half century. 

Studies of rainfall on the Seine basin show that floods of the cold 
season, November 1 to May 1, of any considerable height at Paris, 
have always been preceded by a warm season with more than the 

* Supplement au Manuel Hydrologique du Bassin de la Seine, 1909. 
17 
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normal rainfall of 14.7 inches in the basin above. This was the case 
in the flood of January 28, 1910. The rainfall in the warm season of 
1909 was 17.3 inches. This was also the case in the floods of 189fr- 
1897, when the warm season rainfall was 19.6 inches. Two floods 
followed in November, 1896, and February, 1897, with stages of 17.4 
feet and 18.4 feet, respectively, at Paris. It also requires abundant 
rain in December and January, to bring about a flood. 



StsUon 


Mean 
Annual 
RalnfaU 


Term of Beo- 
ord 


Sept. 23-24, 
1866 


Feb. 13- 
Mar. 16. 

1876 


Nov. 8- 
Dec. 9* 
1882 


Dec. 21. 

1883-Jan. 

8,1883 


Les Settons 

Pannetiere 

Saulien 


68.9 

35.0 
34.3 
29.8 
27.8 
38.8 
28.8 
37.6 
33.1 
37.4 
35.0 
29.6 

29.4 
29.5 
22.9 


1861-1880 
1861-1880 
1861-1880 
1861-1880 
1861-1880 
1861-1880 
1861-1880 
1865-1880 
1865-1880 
1861-1880 
1871-1880 
1866-1880 

1871-1880 
1859-1878 
1867-1880 


5.95 

4.76 
5.27 
3.82 
4.10 
4.88 
3.98 
3.23 
3.38 
2.40 
2.48 

1.77 
2.72 
1.38 


31.80 
9.06 

11.90 
6.54 
7.05 

10.00 
6.15 
9.05 
8.98 
9.90 
7.55 
7.00 

7.80 
8.31 
2.99 


19.40 
10.30 

9.34 
5.59 
6.94 
8.30 
7.88 

10.60 
8.70 

10.80 
8.58 
8.70 

6.57 
7.40 
5.79 


13.86 
3.50 
5.07 
2.40 
3.90 
5.40 
2.84 
5.75 
3.50 
4.40 
3.30 
2.91 

2.20 
4.05 
1.34 


Penilly 


Montbard 

Chanceaux 

Chantillon 

Chaumont 

Vassv . . . ' 


Bar-le-Duc 

1a Neuville 

Montmont 

Rainte- 

Menehould — 
Hirson 


Paris 





The following are the greatest floods which have occurred at 
Paris. The table indicates that great floods on the Seine are not so 
frequent as on many other rivers. The stages are at la Tournelle 
bridge, Paris: 



Year 


stage 


Year 


stage 


1649 


25.2 feet 


1740 


26.0 fee 


1651 


25.7 " 


1764 


24.0 " 


1658 


28.9 " 


1802 


24.4 " 


1690 


24.8 " . 


1836 


21.0 " 


1711 


25.0 " 


1876 


.21.3 " 




• 


1910 


27.6 " 



This shows that the maximum flood at Paris occurred in 1658 and 
reached a stage of 28.9 feet at the Pont de la Tournelle. Some records 
show that a greater flood occurred in 1611 or 1615, with a stage of 
about 30 feet. The 1658 record is called the maximum, however. 
The 1910 flood, which reached a stage of 27.6 feet, was next in size 
to the 1658 flood. It is claimed by some authorities, however, that 
other floods intervened which had greater discharges, though recorded 
of less height on the gage because the channel of the Seine in Paris 
had a greater carrying capacity than in 1910. 
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The rains which brought about the flood of January-February- 
March, 1910, reaching a maximum on January 28, occurred in three 
distinct rainfall periods. The rainfall in inches during each of these 
periods, obtained by taking the average of the records at 15 repre- 
sentative stations, was as follows: During the period November 28 to 
December 9, 1909, the average rainfall was 2.8 inches; December 
15-31, 1909, it was 2.4 inches; and January 9-27, 1910 it was 6.0 inches. 
During the maximum 4 days of the last period, January 18-21, 1910, 
the average rainfall at these 15 stations was 3.1 inches. The maximum 
rainfall for this 4-day period occurred on the basin of the Yonne 
Eiver, a tributary which enters the Seine above Paris. At the 3 
stations of maximum rainfall on this basin the amoimts were 6.1, 7.5, 
and 7.8 inches. The maximum 1-day rainfall also occurred at these 
3 stations, on January 19, being 2.6, 3.0, and 3.0 inches, respectively. 

The river at Paris began rising on January 18 and reached its 
maximum, 27.6 feet at la Tournelle, Paris, on January 28, where it 
remained practically constant 12 hours. The crest at the Pont d' 
Austerlitz was 28.3 feet. It then fell slowly until February 7, when 
it was still 6 feet above the lower wharves along the Seine, which are 
covered at a stage of 8.7 feet. It then began to rise again, and on 
Februaiy 12 reached a second crest of 17.9 feet at Austerlitz. It 
stayed 17 hours at this level, fell to 17.5 feet at Austerlitz on the 14th, 
and then rose to a third crest of 18.4 feet on the 17th, where it stayed 
for 8 hours. It then fell gradually to a stage of 14.4 feet on February 
22, and again rose gradually to the fourth crest of 18.4 feet on March 1. 
The river slowly receded from this stage until March 15, when it 
exposed the lower wharves. 

The flow of the Seine at Paris in the 1910 flood has been variously 
estimated. The generally accepted figure is 88,500* second feet, or 
5.26 second feet per square mile of drainage area. This was for a gage 
height of 27.6 feet at la Tournelle, Paris, which is the greatest height 
reached since 1658, when there was a stage of 28.9 feet at la Tournelle. 
The discharge during the 1658 flood was practically the same. 

Floods in the Upper Loire Riverf 

The part of the Loire considered as the Upper Loire is that above 
the department of Saone-et-Loire, somewhat southeast of the center 
of France. It drains an area of 3090 square miles, stretching from 
south to north a distance of 180 miles, lying between the basins of the 
Ard^che and Allier Rivers. 

* Annales des Fonts et Chauss^es, 1911, VI, p. 600. 

t Les Crues de la Loire Sup^rieure, by M. JoUois. Annales des Fonts et Chaus- 
s^es, 1881, Ist Semestre, p. 273. 
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From the source to Saint«Jtist, a distance of 113 miles^ the Loire 
is a deep-bedded torrent, widening out in only four small submersible 
valleys at Brives, Saint- Vincent, Vorey, and Bas. The last is the 
greatest, and it is only about three miles long. At Saint-Just, the 
Loire enters the plain of Forez, which it traverses for 28 miles. Then 
it enters the gorge of Pinay, which is 19 miles in length; and, finally 
it runs through the plain of Iloanne for about 20 miles. 

The average seasonal and annual rainfall, in inches, on different 
parts of the Upper Loire River basin is tabulated below. These 
figures were determined by averaging the records made during the 
10-year period, 1861-1870, at 4 stations on the right bank of the 
Upper Loire, at 6 stations on the left bank of the Upper Loire,- at 5 
stations on the right bank of the Forez, at 2 stations each on the left 
bank of the Forez and on the right and left banks of the Roanne. 

Average Seasonal and Annual Rainfall, in Inches, in Upper Loire Basin 



Upper Loire: 
Right bank 
Left bank . 

Le Forez: 
Right bank 
Left bank . 

Roanne: 
Right bank 
Left bank . 



Winter 



9.63 
4.41 

5.18 
3.78 

6.88 
5.53 



Spring 



11.40 

7.74 

8.44 
6.00 

8.62 
7.13 



Summer 



9.25 
7.63 

8.87 
6.24 

9.03 
8.41 



Autumn 



15.82 
9.43 

9.91 

7.48 

9.57 
9.58 



46.10 
29.21 

32.40 
23.60 

34.10 
30.65 



The author recognizes four storm types and gives certain data for 
the greatest storm of each type. They are: 

1. Storms produced by very heavy rainfall on the Mezenc Moun- 
tains in the Upper Loire basin, with little or no rainfall on the rest of 
the basin. This rainfall is generally brought by south winds. 

The most remarkable storm of this type was that of October 8-9, 
1878, which moved from south to north, diminishing in intensity. 
The average distribution of the rainfall over the watershed was as 
follows: 

Mezenc Mountain region 7.88 inches 

Upper basin (exclusive of Mezenc Mountains) 3.85 " 

Forez basin 2.12 " 

Roanne basin 1.68 " 



Of the 7.88 inches which fell in the region of the Mezenc Mountains, 
6.78 inches fell on October 8. The maximum rainfall fell on the 8th 
throughout the basin except at one station, where it occurred on 
the 7th. 
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2. Storms produced by a general rain all over the basin, but 
heavier in the upper part. This type of rainfall is generally accom- 
panied by a south wind, turning to southwest. 

The greatest storm of this type was that of September 24-25, 
1866. The average distribution of rainfall over the watershed was as 
follows: 

Upper Loire basin 5.5 inches 

Forez basin 3.8 " 

Roanne basin 5.5 " 

The 24th was the day of greatest rainfall, except at two stations, 
at one of which the maximum occurred on the 23d and at the other 
on the 25th. 

3. Storms produced by general rain over all the basin, but greater 
below the mouth of the Forez than above. They are. generally 
accompanied by winds from the southwest to west. 

The greatest flood produced by this type of storm was that of 
October 18-20, 1872, in which the maximum rainfall occurred in the 
Roanne basin. The fore part of the month was very rainy, and the 
ground was thoroughly saturated. The average distribution of rain- 
fall over the watershed was as follows: 

Upper Loire basin 1.63 inches 

Forez basin 4.00 " 

Roanne basin 4.47 " 

The maximum rainfall in the Upper Loire and Forez basins oc- 
curred on the 18th; in the Roanne basin, on the 19th. 

4. Storms produced by hght rains in the upper basin and heavy 
rains in the basins of the lower tributaries, accompanied by much 
ninofiE of melted snow. Storms of this type are generally accompanied 
by southwest to northwest winds. 

The greatest recorded storm of this type is that of April 8-9, 1879. 
At the beginning of April a heavy layer of snow covered all the Loire 
basin, when a warm wind, accompanied by rain, crossed the basin 
from west to east. The flood was caused mainly by melting snow. 
The average distribution of rainfall in inches on April 7 and 8 was as 
follows: 





April? 


Aprils 


Total 


Upper Loire basin 


1.15 

0.50 
0.00 


0.81 

1.03 
1.16 


1.96 

1.53 
1.16 


Forez basin 


RAanne basi*^ 
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The floods of the first three classes, which are the most common, 
attain their maximum the same day as the maximum rainfall. Rain- 
fall observations for the purpose of flood prediction, therefore, are 
not of much value. The rapidity of propagation of the flood peak is 
greater the higher the flood. 

Except at a few points, the flood wave remains within the banks 
in the upper portion of the stream. 

Floods in the Garonne River* 

The Garonne is in southern France, and flows westward into the 
Atlantic. Above Toulouse, and below, on the left bank, the river 
receives the drainage from the Pyrenees; on the right bank, below 
Toulouse, it is fed by tributaries from the central table-land of France 
and from the Cevennes and other mountain ranges. 

At Toulouse the area drained by the Garonne is only about 2400 
square miles, which is approximately one-seventh the area of the 
Seine basin above Paris, yet the maximum flow of the Garonne at 
Toulouse is six times that of the Seine at Paris. The maximum 
floods occur in the spring and early summer, and are caused by rain 
and melting snow. Two of the greatest floods of the Garonne occurred 
in June and September, 1875. 

The flood of June 21-24, 1875, was caused by 4 days' rainfall, 
averaging about 6.7 inches in depth at 11 representative stations, 
accompanied by some melting snow from the mountains. The maxi- 
mum 24-hour rainfall at these stations averaged about 3.4 inches in 
depth. The rainfall on the upper basin of the Tarn, one of the 
Garonne tributaries, was very great. At 4 typical stations, the 
records were 7.7, 7.7, 7.6, and 8.8 inches. The corresponding maxi- 
mum 24-hour readings were 4.0, 3.7, 4.0, and 5.8 inches. The dis- 
charge of the Tarn resulting at Palisse on June 23 was 229,500 second 
feet. In this flood, 640 Uves were lost, part of Toulouse was flooded 
and destroyed, and a number of villages were submerged. 

During the 5-day period, September 9-13, 1875, the records show a 
remarkable rainfall covering the part of France between the Loire 
basin, the Pyrenees, and the Mediterranean coast. The average 
rainfall at 23 selected stations for the five days was 14.73 inches, and 
the 24-hour maximum rainfall averaged for these stations was 6.63 
inches. The widespread and record-breaking rain caused the greatest 
floods known in that part of France. The rain and floods had been 
greater in mountainous parts, but, in the plains, this is the maximum 
on record. At Saint-Gervais there was recorded 12.6 inches during 

* Annales des Fonts et Chauss^es. 
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this 5-day period. During the 4-day period, October 14-17, 1874, 
at this station, however, there fell 34.8 inches of rainfall. 

One of the stations whose record was used in determining the 
above averages, that of Bleymard, at the summit of the Cevennes, 
received 22.8 inches of rainfall during the 5-day period, 15.7 inches of 
which fell on the 13th. At Vialas, at the source of the Ard&che River, 
there was 20.0 inches during the 5-day period, 7.92 inches of which 
occurred on September 13th. This gave a flood of 18.4 feet at Salavas, 
whereas the greatest flood known on the Ardfeche occurred in October, 
1827, reached 55.8 feet on this gage, and was produced by a rainfall 
of 31.2 inches in 24 hours at Joyeuse, a station in the basin. 

The flood of the Garonne at Toulouse in September, 1875, was 
very disastrous to life and property. Over 200 dead bodies were 
found after the flood, and many other lives were lost. The damage 
was done at the suburb of St. Cyprien, across the river from Toulouse. 
Toulouse is on higher ground and is protected by massive quays, 
which have been built out into the river, encroaching on the channel. 
St. Cyprien is on low ground on the opposite bank, a few feet above 
normal river stage, and occupies a triangular tract at a bend in the 
river, across which is the natural path of overflow. The central and 
most thickly populated part of St. Cyprien, in 1875, lay at a lower 
level than the raised bank of the river skirting this triangle. A mas- 
onry arch bridge and several low dams obstructed the channel, in 
addition to the quays. The flood swept across the suburb and did 
enormous damage. The remedies proposed were to construct a 
diversion channel back of St. Cyprien, across the bend; to replace the 
bridge by one of greater waterway; to widen the river at narrow 
points; and to change the fixed to movable dams. The diversion 
channel was estimated to cost $1,500,000. 

Floods in the Durance River'*' 

The Durance is different from the other French rivers. The 
impermeability of its basin, the great number and the elevation of its 
mountains, its meteorology so entirely different from that of the 
rest of France, and finally the steep slope, not only of the river but 
also of its tributaries, help to explain the fact that it is the most 
extraordinarily torrential of the great French rivers. 

The Durance, located in the southeast of France, drains an area 
of 5730 square miles and empties into the lower course of the Rhone 
from the east. It is about 190 miles in length, in the course of which 

*La Durance. Regime, Cru^s et Inondations, by M. E. Imbeaux. Annales 
des Fonts et Chauss^es, 1892, 1st Semestre. 
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it falls from an elevation at its source of 6760 feet to one of 43 feet 
above sea level at its mouth. 

The rainfall records are very incomplete, covering only a short 
period. Prior to 1882 there were not enough rainfall observing 
stations to determine with accuracy the annual average rainfall over 
the basin. For the years 1882-1888, however, this average can be 
very well determined and is given below. 

Annual Rainfall, in Inches, in Durance Basin 



Baain 


1882 


1883 


1884 


1886 


1886 


1887 


1888 


Mean 


Above Mirabeau 

Below Mirabeau 

Entire basin 


32.1 
23.4 
30.4 


27.9 
20.0 
26.2 


21.0 

20.0 
20.8 


34.0 
29.6 
33.1 


45.6 
32.3 

42.8 


29.7 
26.1 
29.0 


34.6 
29.0 
33.1 


32.2 

25.8 
30.8 







A comparison of the records at a few stations, where readings extended 
back from 30 to 57 years, showed that the 1882-1888 period was one 
of more than usual rainfall, and the average for the basin is adopted 
by the author as 27.6 inches, which is less than the mean annual for 
France of 30.3 inches. 

The number of days of rainfall per year, however, is less than in 
any other part of France. From 1882 to 1889 this number averaged 
only 68. These days are not divided equally between the seasons. 
They average 13 in summer, 14 in winter, 16 .in spring, and 19 in 
autumn, with a maximum of 9 days per month, in November, and a 
minimum of 3 days per month, in August. 

The rainfall is not divided equally between the seasons, or between 
the months. October and November are the wettest months, the 
mean rainfall for these months for 1882-1888 being 4.2 inches and 
4.43 inches, respectively, or about one-seventh the annual rainfall. 
The driest month is August, with a mean of 1.62 inches, or about one- 
twentieth of the mean annual. January, February, and March are 
also dry months. The result is that winter is the driest of the seasons, 
with a mean of 5.25 inches, or 17 per cent of the mean annual rainfall. 
Spring and summer have about 23 per cent of the mean annual. 
Autumn is the wettest season, with an average of 11.25 inches, or 37 
per cent of the mean annual. The great rains of autumn are those 
that produce the highest floods. The geographical distribution of the 
rainfall over the basin of the Durance is favorable for producing 
floods, because the heaviest rainfall is upon the steepest and most 
impermeable parts. 

The record of floods is of much greater length than that of rainfall. 
Prior to 1832, however, a complete record of floods is not available, 
and there are no records of gage heights or discharges. Partial 
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records back to 1226 show numerous floods, generally occurring in 
the autumn. 

From 1832 to 1890 there were 188 floods. Of these, 46 were great 
enough to cause gage heights of 13 to 16 feet or over at Mirabeau, 
54 miles above the mouth of the stream and above which the Durance 
has a drainage area of 4150 square miles. Of the 46 floods, 7 reached 
16.5-foot stages at Mirabeau. There were as many as 9 floods in a 
single year, as in 1848 and 1856; and there were only 9 years during 
the whole period which were exempt from floods reaching at least a 
10-foot stage at Mirabeau. 

The 7 exceptional floods (16.5-foot or higher gage records at 
Mirabeau) occurred in 1836, 1843, 1863, 1882, and 3 in 1886. The 
greatest flood was the last of the three in 1886, which occurred on 
November 10-11, causing a discharge at Mirabeau of about 237,000 
second feet, or 57 second feet per square mile. This was practically 
equalled by the flood of 1843. Such floods cause approximately 20- 
foot stages in the Durance at Mirabeau. The shifting character of 
the material in the stream bed prevents a closer comparison of different 
floods by means of gage heights. The flood of October 28, 1882, 
had a maximum discharge at Mirabeau of 203,000 second feet; the 
flood of October 26-27, 1886, a maximum of 176,700 second feet; 
and the flood of November 8, 1886, a maximum of 191,000 second feet. 

The Durance floods generally occur either in spring, from March 
16th to June 15th, or in the fall, from September 15th to December 
15th. Spring floods are rarely very high. Fall floods are often high 
and dangerous. Due to the distribution and form of the precipitation, 
winter and summer are almost totally free from floods. Floods of the 
Durance seldom coincide with those of the Rhone, owing to the very 
complex regimen of the latter as compared with that of the former. 

This paper, by the engineer in charge of the studies on the Durance 
at the time, outHnes the results of the work done by order of the 
government to establish a basis for flood prevention measures. The 
government ordered this study made because of the great damage 
done by the three floods of 1886. 

Floods in the Tiber River* 

The drainage area of the Tiber is 6455 square miles. The mean 
annual rainfall over the basin is 34.8 inches, and there is no appreciable 
snow fall. 

* From the Proceedings of the Institution of Civil Engineers. 

The Works on the Tiber, by M. Ronna. Bulletin de la Soci6t6 d'Encouragement 
pour rindustrie Nationale. November, 1898. 

Deutsche Bauzeitung, 1893, p. 99. 

Ueber die Tiberregulierung, Woehenschrift des Oesterreichischen Ingenieure 
und Architekten Verein. 1877, p. 114. 
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The first flood recorded at Rome was in 413 B. C. The greatest 
flood ever recorded was that of 1598, A. D., when the maximuin 
discharge was 106,000 second feet, or 16.4 second feet per square 
mile. The second greatest flood was the disastrous flood of 1870, 
when the maximum stage was 8 feet lower than in 1698. However, 
the actual discharge during this flood was but little less than that of 
the flood of 1598, the great difference in stage being due to obstructions 
and encroachments in the channel. The stage in 1598 was 64.2 feet, 
in 1870 it was 56.5 feet. The 1870 flood was 12 feet deep in the 
streets along the qua3rs, and covered about one half the inhabited 
area of the city. The water surface slope was 2.89 feet per mile in 
the 6-mile course through the city. In the upper part it was only 
0.8 foot per mile, but in the lower part it was 5.81 feet per mile. The 
obstruction at one of the bridges caused a difference in level of 22 
inches. 



CHAPTER XII.— APPLICATION TO MIAMI 
VALLEY OF STUDY OF GREAT 

STORMS 

In preparing plans for flood prevention in the Miami Valley one 
of the first problems requiring definite decision was the size of the 
maxiinum flood against which protection should be provided. The 
^engineer at once recognizes that the size of the maximum possible 
flood cannot be determined directly from the size of the maximum 
possible rainstorm, vital as this may be, since the greatest rainstorms 
do not necessarily cause the greatest floods. Moreover, the flood 
prevention works of the Miami Valley on occasion will submerge 
large areas of valuable agricultural land. As the frequency and 
depth of this flooding will have a marked effect on the value of these 
lands, the design of the works was materially affected by the desire 
to secure flood protection with a minimum damage to the land above 
the dams. The abiUty to make accurate estimates of the frequency 
of floods of any given magnitude therefore is of great value. 

In determining the size of the greatest flood within the bounds of 
probabihty, which may occur over a given area, there are three pri- 
mary conditions to be considered. They are: 

(1) Topographic conditions affecting the rate of runoff, such as: 
size, shape, and slope of drainage area; slope and condition of channel 
of main stream and tributaries; number and position of tributaries; 
and surface cover of watershed. 

(2) Geographic location of the drainage area with regard to direc- 
tion and path of storm movement, sources of moisture, distance from 
ocean bodies, and location of mountain ranges. 

(3) Past records of great storms and corresponding stream stages, 
so far as they may throw Ught on the maximum storm which may 
occur in the future. The time-area-depth relations, season of oc- 
currence, frequency, and geographic location are the principal features 
of former storms to be examined in determining their bearing on any 
flood problem. The study of former storms should not be confined 
to those which have occurred over the given drainage basin, especially 
if the past record is for comparatively few years, since greater storms 
may have chanced to occur over other areas which are comparable 
in nearly every respect. This raises the difficult question as to just 
what other areas are comparable in the matter of the greatest storms 
to which they are subject. 
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SIZE OF FLOOD SELECTED AS BASIS OF DESIGN 

In working out the plans for protecting the Miami Valley against 
floods, all three of the factors just mentioned were thoroughly investi- 
gated. The second and third factors, geographic location, and past 
records of storms, are the subjects treated in this volume. After 
mature consideration of all of these factors the OfGicial Plan for flood 
protection was designed to provide against a hypothetical storm which 
would cause a maximum flood runoff almost 40 per cent in excess of 
that of the storm of March 23-27, 1913, the latter having caused the 
greatest rate of runoff diuing the 100 years of record for the Miami 
River. The reasons for adopting this basis will now be discussed in 
considerable detail. 

GEOGRAPHIC LOCATION OF MIAMI VALLEY IN ITS R£LA- 

TION TO STORMS 

As has been previously stated, the general direction of storm move- 
ment in the United States is from west to east. The low barometric 
centers which accompany storms generally originate in the northwest, 
west, and southwest. Their most frequented tracks converge and 
focus in eastern Texas, Oklahoma, and Arkansas, and then either 
extend up the Mississippi and Ohio Valleys or pass off the south 
Atlantic coast in Georgia or South Carolina. Occasionally a storm 
travels northwest across the gulf, then changes its direction to north 
or northeast through Texas, Oklahoma, Missouri, Illinois, Indiana, 
and Ohio. This is the characteristic path of West Indian hurricanes. 
The location of the 160 largest storms which occurred in the eastern 
part of the United States during the 25-year period 1892-1916 can be 
clearly seen by referring to figures 50 to 57. 

Heavy, long-continued rains in the United States obtain their 
supply of water largely from the Gulf of Mexico and the Atlantic 
Ocean. A large part of the rain of the Miami Valley doubtless comes 
from the ocean and gulf, and on account of the long distance of land 
travel, and the higher latitude, the greiettest rainfall in southwestern 
Ohio cannot be nearly as heavy as may occur over the south Atlantic 
and Gulf states. In traveling such long distances over land the air, 
laden with moisture when it leaves the ocean or gulf, is subject to 
large variations of temperature, the average of which is gradually 
decreasing with increasing latitude. This causes the air to lose much 
of its moisture. The effect of distance of land travel and increasing 
latitude in decreasing the depth of storm rainfall is plainly evident 
in all of the investigations described in chapters V to VIII. 

Not all the rainfall of the northern interior part of the United 
States, however, comes directly from the ocean and gulf. A large 
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part of the rainfall of southwestern Ohio, especially during the summer 
months, is water that has evaporated from the forests and fields to 
the south of it. The forests and fields of Missouri and Arkansas, 
for instance, will evaporate water at the rate of onef-eighth of an inch, 
and perhaps one-fourth of an inch a day, as long as the supply is 
plentiful. As just stated, this is largely the source of water supply 
in the frequent thunderstorms of the summer months. Such storms, 
however, while they may have considerable depths over limited areas, 
are rarely if ever the cause of serious flood damage in the Miami 
River. From this it appears that after all, the sources of moisture 
of destructive storms in the Miami Valley are the ocean and gulf, 
and the maximum intensity of rainfall in such storms is subject to the 
limitations imposed by latitude and distance of land travel. 

Another geographic feature that tends to reduce the maximum 
rainstorm which can occur in the Miami Valley is the location of the 
Appalachian Mountains to the east and southeast. The effect of 
high mountains in preventing the passage of great quantities of water 
vapor is discussed in chapter III. 

From the foregoing discussion it will be seen that the Miami 
Valley is located in one of the principal paths of storms. It is so 
shielded from the two primary sources of moisture, however, that the 
otherwise possible maximum storm is greatly reduced. 

GREAT STORMS OF THE PAST AS APPLIED TO MIAMI 

VALLEY CONDITIONS 

The three factors, time, area, and depth are necessary in deter- 
mining the absolute iEtnd relative sizes of storms. These factors were 
determined for 33 of the largest and most important storms which 
have occurred in the eastern part of the United States during the 
past 75 years, and the results are given and discussed in chapter VIII. 
In deciding which of these storms are applicable to Miami Valley 
conditions it is necessary to consider their geographical distribution; 
and to determine which of those applicable would cause the greatest 
floods if dupUcated in the Miami Valley, it is necessary to consider 
their seasonal distribution. These subjects are discussed in chapter 
VII. 

Of the 33 great storms for which detail investigations were made, 
we may at once eUminate from consideration the 16 in the southern 
group. The investigation of all the factors which influence the size 
of storms in the northern interior of the United States furnishes con- 
clusive evidence that these southern storms cannot be duplicated in 
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the Miami Valley. Of 'the 17 storms in the northern group, 5 were 
east of the Appalachian Moimtains, and could not be duplicated in. 
the Miami Valley on account of the barrier these mountains furnisli 
against the passage of great quantities of water vapor. The remaining 
12 storms in the northern group are those which', within the limits 
of possibility, may be considered applicable to the Miami watershed, 
although only one of them, that of March 23-27, 1913, caused a con- 
siderable flood in the Miami River. A Ust of these 12 storms, with 
the center and date of occurrence of each, is given in table 11. There 
will also be found tabulated the maximum average depth of rainfall 
in each storm over an area of 4000 square miles, expressed as a per- 
centage of the maximum average depth of the storm of March 23-27, 
1913, over an equal area, for 1 to 5-day periods. The numbers in 
this table are computed from depths taken from the time-area-depth 
curves, figures 94 to 98. 

This table shows which storms exceeded that of March, 1913. 
For the maximum period of one day, storms 72 and 83 materially 
exceeded storm 132. Both were Iowa summer storms. Storm 72 
lasted 4 days, but except for the first day it was practically the same 
size as storm 132 over an area of 4000 square miles at the center; 
number 83, the Devils Creek storm of June 9-10, 1905, fell principally 
in 12 hours, and altogether in 24 hours. For the 1-day maximum 
period those two storms exceeded that of 1913 by 33 and 35 per cent, 
respectively. It was early recognized, however, that a 1-day maximum 
rainfall is of too short duration to use as a basis for designing flood 
protection works for the Miami Valley. A storm of longer duration, 
although the rainfall on the maximum day might be considerably 
smaller, could easily cause a more serious flood. 

The 2-day maximum average depth of the 1913 storm over an 
area of 4000 square miles is exceeded in only four cases, and the 
greatest of these, storm 114, October 4-6, 1910, over Illinois, exceeds 
it by only 9 per cent. Since the 2-day maximum period is still too 
short to cause the most destructive floods in the Miami Valley, we 
may pass this without further conunent. 

In the investigation of local conditions in the Miami Valley it was 
found that the maximum 3-day period in a storm would place the 
greatest burden on a system of protection works. Hence it is the 
maximum 3-day period, more than any other, which is used as a 
basis of comparing the sizes of the 12 great storms applicable to the 
Miami Watershed. In table 11, storms 114 and 151 stand out pre- 
eminently for the 3-day period. These two storms have several 
features in common. They differ but little in average depth, area 
covered, geographical location, and season of occurrence. Both 
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occurred during the summer and early fall, when atmospheric condi- 
tions are most conducive to maximum rates and depths of rainfall, 
but, fortunately, when the percentage of runoff is generally least. 
The centers of both of them were far south of the Miami Watershed, 
and it is very questionable indeed if such storms can occur over the 
latter area. It is still more doubtful if such storms could occur during 
the winter months, when the large percentage and rates of runoff 
cause the greatest floods. 

Table 11. — Comparatiye Intensities of 12 Great Stonns Applicable to the Miami 

Valley, for Maiimnm Periods of 1 to 5 Days 

The greatest average depth of rainfall over an area of 4000 square miles is 
expressed as a per cent of the depth for the corresponding period and area of the 
storm of March 23-27, 1913. 



storm 


Date 


Center 


Periods of Maximum Rainfall 


1-Day 


2-Day 


3-Day 


4-Day 


5-Day 


15 

51 

72 

83 

86 

109 

110 

114 

125 

130 

132 

151 


Dec. 17-20,1895 

July 14-16,1900 

Aug. 25-28,1903 

June 9-10,1905 

Sept. 15-19, 1905 

July 5-7,1909 

July 20-22,1909 

Oct. 4- 6,1910 

July 20-24,1912 

Jan. 10-12,1913 

Mar. 23-27, 1913 

Aug. 17-20,1915 


Mo. 

Iowa 

Iowa 

Iowa 

Mo. 

Mo. 

Wis. 

lU. 

Wis. 

Ark. 

Ohio 

Ark. 


95 

100 

133 

135 

95 

86 

83 

102 


100 
108 
104 


107 
106 
105 


103 




102 




93 

76 

76 

109 


101 

96 

80 

130 


105 


103 












64 


83 
100 
110 


75 
100 
108 


79 
100 
125 




100 
123 


100 



Of the 12 stonns listed, all but 2 occurred during the summer 
months. One of the 2 winter storms, number 130, had an average 3- 
day maximum depth only 79 per cent as great as that of March 1913. 
The other winter storm, number 15, December 17-20, 1895, is 7 per 
cent in excess of storm 132 for the 3-day maximum period and 4000 
square mile area. The two are quite similar in average depth and 
area covered for other maximum periods. This storm is also in the 
southern Missouri-IlUnois-Arkansas storm area. 

The only one of the 12 storms which materially exceeds number 
132 for the 4-day period is storm 151, which has already been dis- 
cussed for its 3-day maximum depth. It needs no further mention 
here, since it exceeded storm 132 for the 4-day period by 23 per cent, 
as compared to 25 per cent for the 3-day period. 

Only 3 of the 12 storms lasted 5 days. These are: number 86, 
September 15-19, 1905, which had an average depth 3 per cent greater 
than storm 132; number 125, which had an average depth only 64 
per cent as great as storm 132; and number 132, March 23-27, 1913. 
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From the foregoing anal3^is of the greatest storms of the past 75 
years which are appUcable to Miami Valley conditions, it is seen that 
storm 132 was much farther north than either of the two stonos that 
greatly exceeded it in depth. Only two other storms occurred during 
the winter months, both of which were much farther south in the 
Mississippi Valley, and only one of these, number 16, was comparable 
in size to storm 132. It is apparent, then, that storm 132, March 
23-27, 1913, was unusually great for the region of its occurrence, 
and this is given additional emphasis by the fact that it occurred in 
late winter. Certainly, from the storm evidence of the past 75 years 
there is no indication that it will ever be greatly exceeded in the 
region of the Miami Valley. 

RELATION OF GREAT STORMS TO MAXIMUM POSSIBLE 

If it were necessary to depend wholly on the records of storms 
which have occurred in the United States, it might be thought possible 
for moderately great storms to occur over a period of a few hundred 
years, and then to find, as an exception, a storm three or four times 
as great. Theoretically that is very improbable, simply because water 
vapor in sufficient quantities cannot be transported from the ocean or 
gulf fast and long enough to cause such exceptional storms. As stated 
in chapter XI, however, records were collected of the stages of rivers 
in Europe for long periods of time, and these furnish fairly conclusive 
proof that such great exceptional storms actually do not occur. On 
the Danube at Vienna, for instance, we have records since about the 
year 1000 A. D.; fairly accurate records are available for stages of 
floods in the Tiber at Rome for more than 2,000 years; and records 
have been made of floods on the Seine at Paris for a. long period of 
years. 

The greatest flood stage on the Danube at Vienna, during the 900- 
year period for which records are available, was reached in the year 
1501. This was about 30 to 35 per cent greater than the maximum 
flood of the past 100 years, that of 1899, which was the third greatest 
flood of the entire period. The second greatest flood on the Danube 
at Vienna occurred in 1787, and was about 85 per cent as large as the 
greatest flood recorded in 900 years. This is some indication of 
what may be expected in the Miami Valley during the course of a 
thousand years, as to how much the most extreme flood may exceed 
the greatest flood recorded in a 75 or 100-year period. The Danube 
record has been kept with as great accuracy as that of any river in 
Europe. 

In Paris accurate records of the heights of floods are available for 
the past three hundred years. In 1611 the river reached a stage of 
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thirty feet, the highest stage ever recorded. In 1910 it reached a 
stage only two and one half feet less; in 1658 it reached a stage about 
a foot less than the 1611 stage; and there have been a number of 
floods of only three or four feet less than the maximum of 1611. The 
salient fact is that the great floods have always remained within three 
or four feet of each other, and there has been no phenomenal flood 
that brought down half again or twice as much water as other great 
floods. 

Records of the Tiber at Rome have been kept with some degree of 
accuracy since 413 B. C. The greatest flood which ever occurred at 
Rome was in 1598, A. D., but in 1870 there was a flood of about the 
same stage, and in the last few years there have been other floods 
but little smaller. Here again we find that the maximum flood of a 
thousand or two thousand years is closely approached by other large 
floods which occur with much greater frequency. 

In the United States records are not available for a suiGflcient 
length of time to determine with confidence just what relation the 
maximum recorded storms bear to the greatest storms that might 
occur in one or two thousand years. It is necessary, therefore, to 
provide a factor of safety larger than would be required if our records 
extended through several hundred years. 

REASONS FOR CHOOSING AS BASIS OF DESIGN, A FLOOD 
40 PER CENT GREATER THAN THAT OF MARCH 1913 

After making the extensive investigation of storms in the eastern 
United States, it is believed that the March, 1913, flood is one of 
the great floods of centuries in the Miami Valley. In the course of 
three or four hundred years, however, a flood 15 or 20 per cent greater 
may occur. We do not believe a flood will ever occur which is more 
than 20 or 25 per cent in excess of that of March 1913. There is a 
factor of ignorance, however, against which we must provide, and the 
only way to do this is arbitrarily to increase the size of the maximum 
flood provided for. If longer records were available a closer estimate 
could be made, but in planning works on which the protection of the 
Miami Valley depends, it is necessary to go beyond human judgment. 
This has been done on all the other phases of the design, and we believe 
it would not be good engineering practiceHo stop at our judgment on 
this phase. We must be able to say that the engineering works are 
absolutely safe in every respect. For this reason provision is made 
for a flood nearly 40 per cent greater than that of March 1913. This 
is 15 or 20 per cent in excess of what is believed to be the greatest 
possible flood that will ever occur. 

18 
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APPENDIX.— TIME-AREA-DEPTH DATA 

The tables give the essential time-area-depth data for the 33 storms 
for which maps and curves were drawn. The storms are arranged 
chronologically; and in each case, the computations for the maximum 
1-day period are given first, those for the maximum 2-day period, 
second, and so on until all the computations are given. 

The first column gives the periods of maximum rainfall; the second 
column gives the rainfall centers. These centers are indicated by 
the letters used to designate them on the storm maps, figures 58 to 93. 
The sequence of these letters for a given period of a given storm 
indicates the manner in which the different centers were combined. 
Attention is called to the fact that a given letter does not necessarily 
identify the same center for different periods of rainfall of a given 
storm. In each case the letters apply only to the centers indicated 
on the corresponding map. 

The third column shows the isohyetal depths for which the enclosed 
areas and average depths of rainfall are given in the fourth and fifth 
columns, respectively. The abbreviations Max. and Min. in the 
third column indicate whether the center is a peak or depression area; 
and the figures opposite, in the fifth column, give the maximum or 
minimum depths of precipitation at the centers. 

The area in square miles, in the fourth column, is computed to 2 
significant figures for quantities up to 1000, and to 3 significant figures 
for greater amounts. The average depths of rainfall are computed to 
the nearest tenth of an inch. 

Not all of the areas and corresponding average depths of rainfall 
were used in platting the time-area-depth curves. Only those corre- 
sponding to the largest peaks were used. Occasionally, as for the 
maximum 1-day period of the storm of July 14-16, 1916, the curve 
represents data taken from two or more peaks. For convenience in 
reference, the figures in the fifth column used in constructing the 
curves are shown in bold-faced type. 



276 



STORM RAINFALL OF EASTERN UNITED STATES 



277 



STORM a, OCTOBER 3-4, 1869 



2 days 
Oct. 
3-4 



B 



ABC 
D 



Iday 

July 

29 



2 days 

July 

29-30 



i 



S 



Max. 
12 
11 
10 

9 

8 

7 
Max. 

8 

7 
Max. 

7 

6 
Max. 

8 

7 

6 



I 



a 

I 



14 

110 

320 

770 

1,550 

3,260 

82 
3,680 

1,140 
20,300 

140 
3,660 

7,840 






I 



I 



12.4 

12.2 

11.6 

10.8 

10.0 

9.2 

8.3 

8.1 

8.1 

7.5 

8.0 

7.5 

7.0 

8.1 

8.1 

7.5 

7.0 



2 days 
Oct. 
3-4 



E 
F 

G 

AtoG 

H 

I 
A to I 



\ 



Max. 

6 
Max. 

7 

6 
Min. 

5 

5 

4 
Max. 

5 

4 
Min. 

3 

3 

2 



8 



s 



900 

270 
770 

96 
53,000 
81,400 

180 
1,220 

920 
122,000 
185,000 



STORM b, JULY 27-31, 1887 



6.6 
6.3 
8.0 
7.5 
6.9 
4.0 
4.5 
6.3 
6.7 
5.8 
5.4 
4.6 
2.3 
2.6 
6.0 
4.1 



A 


Max. 




10.0 


2 days 


A 


3 


21,200 


6.6 




10 


14 


10.0 


July 


B 


Max. 




8.6 




9 


150 


9.5 


29-30 




8 


550 


8.3 




8 


520 


8.8 






7 


1,150 


7.9 




7 


1,270 


8.0 






6 


1,890 


7.3 




6 


2,400 


7.3 






, 5 


2,300 


7.0 




5 


3,930 


6.6 






* 4 


3,190 


6.3 




4 


6,300 


5.8 






3 


4,750 


5.4 




3 


9,360 


5.1 




C 


Max. 




4.6 




2 


13,800 


4.2 






4 


230 


4.3 


B 


Max. 




8.1 






3 


1,070 


3.7 




8 


260 


8.1 




D. 


Min. 




1.7 




7 


1,000 


7.7 






2 


360 


1.8 




6 


1,810 


' 7.1 




AtoD 


2 


66,300 


3.7 




5 


2,560 


6.6 


3 days 


A 


Max. 




16.5 




4 


2,960 


6.4 


July 




16 


14 


16.3 




3 


3,750 


5.8 


2»-30 




15 


82 


15.6 




2 


4,890 


5.0 






14 


300 


14.8 


C 


Max. 




2.2 






13 


740 


14.0 




2 


5,890 


2.1 






12 


1,380 


13.3 


D 


Max. 




2.9 






11 


2,310 


12.6 




2 


200 


2.5 






10 


3,890 


11.7 


A 


Max. 




14.1 






9 


5,800 


11.0 




14 


14 


14.1 






8 


8,040 


10.3 




13 


110 


13.6 






7 


10,900 


9.6 




12 


380 


12.8 






6 


15,300 


8.7 




11 


890 


12.1 


, 




5 


20,400 


7.9 




10 


1,440 


11.5 






4 


27,300 


7.0 


• 


9 


2,190 


10.8 






3 


41,600 


5.8 




8 


3,370 


10.0 




B 


Max. 




8.6 




7 


4,740 


9.3 






8 


620 


8.3 




6 


6,710 


8.6 






7 


1,270 


7.9 




5 


9,350 


7.6 






6 


1,920 


7.4 




4 


13,900 


6.6 






5 


2,660 


6.9 
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STORM b, JULY 27-31, 1887 (Continued) 







STORM c, 


MAY 31-JUNE 1, 1889 




Iday 


A 


Max. 




8.4 


1 day 


AtoE 


4 


29,800 


May 




8 


96 


8.2 


May 


F 


Max. 




31 




7 


330 


7.7 


31 




6 


140 




B 


Max. 




7.7 






5 


1,920 






7 


1,000 


7.5 






4 


4,700 




C 


Max. 




7.6 




AtoF 


3 


53,600 






7 


190 


7.3 






2 


81,000 




ABC 


6 


6,160 


6.8 


2 days 


A 


Max. 








5 


11,100 


6.2 


May 




9 


220 




D 


Max. 




7.1 


31- 




8 


1,260 






7 


1,440 


7.1 


June 1 




7 


3,720 






6 


3,660 


6.7 




B 


Max. 






E 


Max. 




6.6 






8 


110 






6 


41 


6.4 






7 


620 




DE 


5 


7,910 


6.1 




AB 


6 


8,310 









1 




1^ 






1 




I 

1? 


1 


1 


2 




1 


1 


;^ 


B 


Si 




S 

J 

P 


\ 


a 

1 


1 




1 

s 

i 


1 


B 

1 


II 

r 


3 days 


B 


4 


3,760 


6.2 


'4 days 


F 


Min. 




2.0 


July 




3 


10,100 


4.5 


July 




3 


12,900 


2.5 


28-30 


C 


Max. 




5.1 


27-30 


AtoF 


3 


106,000 


4.8 






5 


55 


5.1 




• 


2 


131,000 


4.4 






4 


640 


4.6 


5 days 


A 


Max. 




16.5 






3 


1,510 


4.0 


July 




16 


27 


16.3 




ABC 


2 


96,400 


4.2 


27-31 




15 


190 


15.6 


4 days 


A 


Max. 




16.5 






14 


700 


14.8 


July 


/ 


16 


14 


16.3 






13 


1,560 


14.1 


27-30 




15 


96 


15.6 






12 


2,810 


13.4 






14 


300 


14.8 






11 


4,350 


12.7 






13 


780 


14.0 




B 


Max. 




12.4 






12 


1,490 


13.3 






12 


96 


12.2 






11 


2,520 


12.6 






11 


360 


11.7 






10 


4,270 


11.7 




AB 


10 


8,090 


11.7 




B 


Max. 




12.1 






9 


12,200 


11.0 






12 


27 


12.1 






8 


15,800 


10.4 






11 


160 


11.6 






7 


19,900 


9.8 






10 


410 


10.9 






6 


25,800 


9.1 




AB 


9 


8,020 


10.8 






5 


33,300 


8.2 






8 


11,900 


10.0 




C 


Max. 




8.6 






7 


16,100 


9.4 






8 


970 


8.3 






6 


21,100 


8.7 






7 


1,850 


7.9 






5 


27,400 


8.0 




D 


Max. 




7.7 




C 


Max. 




5.6 






7 


140 


7.4 






6 . 


710 


5.3 




CD 


6 


7,900 


6.8 




ABC 


4 


43,000 


6.7 






5 


15,100 


6.2 




D 


Max. 




8.6 




AtoD 


4 


72,400 


6.6 






8 


1,100 


8.3 




E 


Max. 




6.1 






7 


1,740 


8.0 






5 


140 


6.1 






6 


2,600 


7.5 






4 


1,560 


4.6 






5 


3,920 


6.8 




F 


Min. 




2.5 






4 


5,740 


6.1 






3 


3,370 


2.7 




E 


Max. 




5.1 




AtoF 


3 


117,000 


5.4 






5 


96 


5.1 






2 


149,000 


4.8 




1 




4 


880 


4.6 1 













5.6 

6.3 
6.2 
6.6 
4.9 
4.8 
4.0 
9.8 
9.4 
8.6 
7.9 
8.6 
8.3 
7.6 
7.2 1 
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STORM c, MAY Sl^TUNE 1, 1889 (Continued) 



a 






2 days 
May 
31- 

Jirne 1 



i 



I 



I> 



Max. 

8 

7 

6 
Min. 

4 

5 



410 
2,740 
6,160 

110 
290 



8.3 
8.2 
7.6 
7.0 
3.6 
3.8 
4.2 



^1 

I 



2 days 
May 
31- 

June 1 



£ 
AtoE 



STORM 10, MAY 18-22, 1894 



] 


Lday 1 


A 


Max. 




5.8 


May 1 




5 


780 


5.4 


21 1 




4 


2,180 


4.8 






3 


6,020 


4.0 






2 


11,400 


3.3 




2 days 


A 


Max. 




9.0 




May 




9 


40 


9.0 




20-21 




8 


140 


8.6 








7 


530 


7.8 








6 


1,020 


7.2 






B 


Max. 




8.9 








8 


48 


8.4 








7 


810 


7.6 








6 


1,370 


7.1 






C 


Max. 




7.7 








7 


260 


7.5 








6 


930 


6.8 




D 


Max. 




7.9 






7 


57 


7.5 






6 


540 


6.6 




E 


Min. 




4.3 






5 


380 


4.7 




AtoE 


5 


7,460 


6.2 






4 


10,800 


5.7 






3 


24,500 


4.5 




F 


Max. 




3.4 






3 


980 


3.2 




G 


Max. 




3.4 






3 


370 


3.2 




H 


Max. 




6.0 






5 


270 


5.5 








4 


530 


5.0 








3 


960 


4.3 






I 


Max. 




3.3 








3 


250 


3.2 






A to I 


2 


56,600 


3.4 




3 days 


A 


Max. 




9.2 




May 




9 


14 


9.1 




19-21 




8 


160 


8.5 






B 


Max. 




9.0 








8 


82 


8.5 






C 


Max. 




8.7 








8 


200 


8.3 






ABC 


7 


1,720 


7.7 



3 days 

May 

19-21 



D 

AtoD 
E 

F 



AtoF 
G 



4 days 

May 

18-21 



H 

AtoH 
I 

A to I 
A 



B 



ABC 
D 



AtoD 
E 



Max. 
6 
5 
4 
3 
2 



230 
30,600 
43,600 
62,200 
95,400 



r 



^ 



6.2 
6.1 
6.3 
5.7 
5.1 
4.2 



Max. 




7.7 


7 


82 


7.3 


6 


4,230 


7.0 


Min. 




4.6 


5 


120 


4.8 


Max. 




8.2 


8 


27 


8.1 


7 


660 


7.5 


6 


1,400 


7.0 


5 


9,980 


6.3 


4 


15,500 


5.7 


Max. 




9.0 


9 


27 


8.9 


8 


120 


8.6 


7 


370 


7.9 


6 


860 


7.1 


5 


1,930 


6.2 


4 


11,900 


4.8 


Max. 




4.6 


4 


680 


4.3 


3 


49,200 


4.5 


Max. 




3.9 


3 


1,030 


3.4 


2 


74,800 


3.8 


Max. 




10.1 


10 


14 


10.0 


9 


69 


9.6 


8 


250 


8.8 


Max. 




9.4 


9 


20 


9.2 


8 


250 


8.6 


Max. 




9.0 


9 


27 


9.0 


8 


410 


8.5 


7 


3,500 


7.8 


6 


5,460 


7.3 


Max. 




8.2 


8 


68 


8.1 


7 


850 


7.6 


6 


1,520 


7.1 


5 


10,900 


6.6 


Max. 




9.8 


9 


20 


9.4 


8 


164 


8.6 
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STORM 10, MAY 18-22, 1894 (Continued) 



1 



4 days 

May 

18-21 



E 



AtoE 
F 



5 days 
May 
18-22 



G 



H 

GH 
I 

A to I 
J 

K 



AtoK 
A 



B 
C 

BC I 






7 

6 

5 

4 
Max. 

8 

7 

6 

5 

4 
Max. 

7 

6 

5 
Max. 

5 

4 
Max. 

4 

3 
Min. 

2 
Max. 

4 

3 

2 

Max. 

10 

9 

8 
Max. 

9 
Max. 

9 

8 



S 

I 



680 

1,040 

2,920 

27,400 

14 

110 

290 

650 

1,070 

490 
1,750 
6,170 

370 
10,400 

250 
67,000 

380 

370 

2,860 

94,900 

14 
120 
820 

140 

680 
1,600 



B 



^ 



7.8 
7.2 
6.1 
5.5 
8.1 
8.0 
7.6 
6.9 
6.2 
6.4 
7.9 
7.4 
6.8 
6.9 
6.1 
6.0 
6.2 
5.0 
4.6 
4.8 
1.8 
1.9 
4.3 
4.2 
3.6 
3.9 
10.1 
10.0 
9.6 
8.6 
9.8 
9.4 
9.7 
9.4 
8.9 



6 days 
May 
18-22 



D 
E 



AtoE 



G 



H 



A to I 
J 

A to J 
K 



AtoK 



Max. 

8 
Min. 

6 

7 

7 

6 

6 
Max. 

9 

8 

7 

6 

6 
Max. 

9 

8 

7 

6 

6 
Max. 

7 

6 

6 
Max. 

6 

4 
Min. 

3 

3 
Max. 

4 

3 

2 



STORM 13, SEPTEMBER 24-26, 1894 

4 

3 

Max. 

6 

4 

3 

2 

Max. 

12 

11 

10 

Max. 

11 

10 

9 

8 



1 day 


A 


Max. 




12.5 


1 day 


AB 


Sept. 




12 


69 


12.2 


Sept. 




26 




11 
10 


180 
360 


11.8 
11.1 


26 


C 






9 

8 


620 
910 


10.4 
9.8 










7 


1,300 


9.1 




ABC 






6 


1,720 


8.5 


2 days 


A 




B 


Max. 




11.3 


Sept. 








11 


74 


11.2 


25-26 








10 


750 


10.5 










9 


1,370 


10.1 




B 






8 


2,210 


9.5 










7 


3,520 


8.8 










6 


4,830 


8.2 




AB 




AB 


5 


8,960 


7.5 







8 



190 

41 

200 

6,580 

9,650 

14,500 

27 

82 

410 

900 

2,340 

27 

160 

450 

1,030 

2,030 

940 
2,990 
7,230 

410 
46,800 

140 
61,400 

370 

2,850 

112,000 



12,600 
16,400 

3,060 

7,060 

10,800 

35,600 

130 

660 

1,210 

1,580 
2,940 
6,810 
9,680 






> 



8.7 

8.4 

5.5 

5.8 

6.4 

8.0 

7.5 

6.8 

9.0 

9.0 

8.6 

7.7 

7.1 

6.1 

9.9 

9.4 

8.7 

7.9 

7.1 

6.3 

7.9 

7.4 

6.8 

6.0 

5.2 

5.1 

5.7 

2.S 

2.9 

5.1 

4.4 

4.2 

3.6 

4.0 



6.6 
5.9 

6.0 
5.5 
4.9 
4.4 
4.6 

12.5 

12.2 

11.7 

11.0 

12.0 

11.5 

11.0 

10.4 
9.9 1 
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STORM 13, SEPTEMBER 24^26, 1894 (Continued) 



8 




a 




S 


B 


g 


^ 


1 


H 


l 

< 


Average 
In 


6,660 


11.2 


8,790 


10.6 




12.0 


140 


11.5 


490 


10.8 


1,040 


10.1 


16,700 


9.8 




3.5 


27 


3.8 


120 


4.4 


250 


4.9 


620 


5.8 


24,400 


8.9 


32,600 


8.3 


37,600 


7.9 


40,900 


7.6 




6.0 


3,440 


5.6 


7,120 


6.0 


65,000 


6.8 


62,800 


6.2 



9< 



2 days 

Sept. 
25-26 



3 days 

Sept. 

24-26 



mm 



ABC 



D 



AtoD 



B 



t 1 day 
Dec. 
19 



2 days 
Dec. 
18-19 



B 



ABC 
A 



B 



ABC 
D 

E 

AtoE 
F 



Min. 

3 

4 

6 

6 

7 

7 

6 

5 

4 
Max. 

5 

4 

3 

2 
Max. 
12 
11 
Max. 
12 
11 



I 
S 

B 

I 



14 

110 

260 

490 

770 

13,800 

17,800 

26,600 

36,300 

4,510 

7,000 

64,000 

62,400 

260 
1,100 

260 
2,330 



2.9 

3.0 

3.4 

4.0 

4.8 

6.4 

9.0 

8.5 

7.6 

6.7 

6.0 

6.5 

6.2 

5.8 

5.4 

12.6 

12.2 

11.7 

12.6 

12.3 

11.6 






I 



3 days 

Sept. 

24-26 



AB 
C 



ABC 
D 



AtoD 



E 



AtoE 



10 

9 
Max. 
11 
10 

9 

8 
Min. 

4 

6 

6 

7 

7 

6 

6 

4 
Max. 

6 

4 

3 

2 



STORM 16, DECEMBER 17-20, 1896 



Max. 

6 

4 

3 
Max. 

4 

3 
Max. 

3 

2 
Max. 

9 

8 

7 

6 

6 
Max. 

6 

6 
Max. 

6 

4 
Max. 

4 
Max. 

4 

3 
Min. 

2 



6,440 
16,800 
34,900 

490 
900 

3,000 
89,800 

460 

1,770 

4,160 

13,100 

27,100 

65 
2,000 

1,110 
73,000 

960 

940 
129,000 

1,230 



6.8 
5.4 
4.9 
4.1 

4.2 
4.1 
3.8 
3.7 
3.4 
3.2 
9.6 
9.3 
8.7 
8.0 
7.0 
6.2 
6.2 
6.1 
6.5 
5.6 
5.3 
5.2 
4.2 
4.1 
4.4 
4.2 
4.5 
1.1 
1.6 



2 days 
Dec. 
18-19 

3 days 
Dec. 
17-19 



4 days 

Dec. 

17-20 



G 


Max. 




3.2 




3 


180 


3.1 


AtoG 


2 


212,000 


3.7 


A 


Max. 




11.9 




11 


82 


11.4 




10 


660 


10.6 




9 


3,390 


9.7 




8 


6,790 


9.2 


B 


Max. 




9.2 




9 


120 


9.1 




8 


880 


8.2 


AB 


7 


13,400 


8.3 




6 


24,400 


7.5 


C 


Max. 




6.9 




6 


1,100 


6.4 


ABC 


6 


61,600 


6.3 


D 


Max. 




6.4 




6 


490 


6.2 


AtoD 


4 


101,000 


5.6 


E 


Max. 




6.0 




5 


470 


6.6 




4 


1,110 


4.9 


F 


Max. 




4.5 




4 


160 


4.2 


AtoF 


3 


145,000 


5.0 




2 


235,000 


4.0 


A 


Max. 




12.2 




12 


21 


12.1 




11 


210 


11.5 




10 


630 


10.8 
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STORM 16, DECEMBER 17-20, 1896 (Continued) 



4 days 

Dec. 

17-20 



A 
B 

AB 
C 
D 



9 

8 
Max. 

9 

8 

7 

6 
Max. 

6 
Max. 



I 

a 
I 



3,820 
6,650 

120 

820 

15,100 

31,000 

1,770 



a 

h 

r 

5 



9.7 
9.2 

9.3 
9.2 
8.6 
8.3 
7.4 
6.7 
6.4 
6.3 



4 days 

Dec. 

17-20 



D 
AtoD 

E 



F 
AtoF 



I 



I 



6 
5 
4 

Min. 
2 
3 

Min. 
3 
3 



S 
I 



580 

77,600 

122,000 

380 
1,560 

530 
174,000 
254,000 



I' 

r 



6.2 
6.3 
6.6 
1.8 
1.9 
2.4 
2.4 
2.7 
4.9 
4.1 



STORM 24, MARCH 22-23, 1897 



1 day 


A 


Max. 




10.3 


2 days 


A 


Max. 




11.5 


March 




10 


120 


10.1 


March 




11 


410 


11.3 


22 




9 


410 


9.7 


22-23 




10 


1,830 


10.7 






8 


890 


9.0 






9 


4,270 


10.0 






7 


1,560 


8.4 






8 


6,910 


9.4 






6 


3,100 


7.6 






7 


9,760 


8.9 






5 


4,610 


6.8 






6 


13,900 


8^ 






4 


6,600 


6.1 






5 


18,600 


7.6 




B 


Max. 




6.0 






4 


30,100 


6.3 






5 


55 


5.4 






3 


38,400 


6.7 






4 


990 


4.6 






2 


65,100 


4.4 




AB 


3 


18,700 


4.6 1 














2 


27,800 


3.8 













STORM 26, JULY 12-14, 1897 



1 day 


A 


Max. 




8.1 


2 days 


B 


5 


560 


July 




8 


55 


8.1 


Ju.y 


AB 


4 


15,200 


13 




7 


230 


7.7 


13-14 




3 


25,000 






6 


1,050 


6.8 






2 


33,300 






5 


2,410 


6.1 


3 days 


A 


Max. 








4 


7,270 


6.0 


July 




10 


60 






3 


12,500 


4.4 


12-14 




9 


560 




B 


Max. 




3.2 






8 


1,500 






3 


530 


3.1 






7 


2,410 




C 


Max. 




3.8 






6 


3,680 






3 


190 


3.4 






5 


8,550 




ABC 


2 


22,600 


3.6 




B 


Max. 




2 days 


A 


Max. 




10.3 






6 


250 


July 




10 


41 


10.2 






5 


1,080 


13-14 




9 


480 


9.6 




AB 


4 


20,200 






8 


1,460 


8.8 




C 


Max. 








7 


2,260 


8.4 






5 


860 






6 


3,560 


7.7 






4 


8,020 






5 


6,710 


6.7 




AC 


3 


51,700 




B 


Max. 




6.8 






2 


74,200 






6 


110 


6.4 











5.7 
6.6 
4.7 
4.2 
10.3 
10.2 
9.6 
8.9 
8.4 

7.8 
6.4 
6.8 
6.4 
5.7 
5.4 
5.5 
6.2 
4.6 
4.4 
3.9 
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STORM 43, JUNE 27-JULY 1, 1899 



(■ ^ 


1 


1 


1 


B 


J 


1 






1 


a 


2l 


1 

1 

i 

< 

» 




a 

1 


i 


^1 


i 
t 


1 
1 


1 


B 

1 


1 


Iday 


A 


Max. 




11.0 


3 days 


AB 


10 


12,800 


14.5 


June 




10 


190 


10.5 


June 




9 


16,200 


13.4 


29 




9 


440 


10.0 


28-30 




8 


20,500 


12.4 






8 


2,140 


8.8 






7 


24,200 


11.6 






7 


3,220 


8.4 






6 


28,500 


10.9 






6 


5,120 


7.7 






5 


33,100 


10.1 






5 


8,260 


6.8 






4 


39,800 


9.2 






4 


12,300 


6.1 






3 


47,800 


8.2 




B 


Max. 


« 


8.1 






2 


59,400 


7.1 






8 


120 


8.1 


4 days 


A 


Max. 




33.0 






7 


380 


7.7 


June 




30 


96 


31.5 






6 


590 


7.3 


27-30 




25 


250 


29.1 






5 


1,120 


6.5 






20 


580 


25.3 






4 


1,970 


5.6 






19 


670 


24.5 




AB 


3 


20,500 


5.2 






18 


740 


24.0 






2 


28,600 


4.5 






17 


780 


23.6 


2 days 


A 


Max. 




22.0 






16 


890 


22.7 


June 




20 


68 


21.0 




B 


Max. 




20.1 


2^-29 




16 


300 


18.3 






20 


110 


20.0 






14 


380 


17.5 






19 


630 


19.6 




B 


Max. 




14.6 






18 


1,620 


19.0 






14 


530 


14.3 






17 


3,110 


18.3 




AB 


13 


1,970 


13.4 






16 


4,790 


17.6 






12 


3,720 


13.0 




AB 


15 


7,610 


17.7 






11 


5,350 


12.5 






14 


9,240 


17.1 






10 


7,100 


12.0 






13 


11,500 


16.4 






9 


10,800 


11.2 






12 


13,300 


15.9 






8 


14,600 


10.5 






11 


15,200 


15.3 






7 


16,800 


10.1 






10 


17,500 


14.7 






6 


19,300 


9.6 






9 


19,800 


14.1 






5 


22,400 


9.0 






8 


22,500 


13.4 






4 


31,200 


7.8 






7 


28,700 


12.1 






3 


39,800 


6.8 






6 


35,100 


11.1 






2 


47,200 


6.2 






5 


42,000 


10.2 


3 days 


A 


Max. 




33.0 






4 


48,100 


9.5 


June 




30 


82 


31.5 






3 


55,600 


8.7 


28-30 




25 


220 


29.0 






2 


69,800 


7.4 






20 


550 


25.1 


5 days 


A 


Max. 




33.0 






19 


620 


24.5 


June 




30 


96 


31.5 






18 


680 


23.9 


27- 




25 


250 


29.1 






17 


740 


23.4 


July 




20 


580 


25.3 






16 


790 


22.9 


1 




19 


670 


24.5 




B 


Max. 




20.0 






18 


740 


24.0 






20 


110 


20.0 






17 


780 


23.6 






19 


550 


19.6 






16 


890 


22.7 






18 


1,120 


19.0 




B 


Max. 




20.8 






17 


1,970 


18.4 






20 


110 


20.4 






16 


2,960 


17.8 






19 


670 


19.6 




AB 


15 


5,150 


18.0 






18 


1,640 


19.0 






14 


6,050 


17.4 






17 


3,310 


18.2 






13 


7,800 


16.6 






16 


5,200 


17.6 






12 


9,020 


16.0 




AB 


15 


7,640 


17.7 






11 


10,100 


15.5 








14 


9,270 


17.2 
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STORM 43, JUNE 27-JULY 1, 1899 (Continued) 



5 days 

June 

27- 

July 

1 



AB 



13 
12 
11 
10 
9 
8 



I 

s 
I 



11,600 
13,500 
15,400 
17,500 
20,000 
22,600 



5 



1^ 



I 



16.4 
15.9 
15.3 
14.8 
14.1 
13.5 



a 
si 

1 



5 days 

June 

27- 

July 

1 



AB 



7 
6 
5 
4 
3 
2 



STORM 49, APRIL 15-17, 1900 



1 dajr 


A 


Max. 




12.7 


1 day 


J 


Min. 


Apnl 




12 


55 


12.4 


Apru 




2 


16 




11 


140 


11.8 


16 


Cto J 


2 






10 


250 


11.2 


2 days 


A 


Max. 






9 


440 


10.4 


April 




12 






8 


680 


9.8 


16-17 




11 






7 


890 


9.2 






10 






6 


1,230 


8.5 






9 


• 




5 


1,630 


7.8 






8 






4 


2,380 


6.7 






7 






3 


4,050 


5.4 






6 




B 


Max. 




5.0 




B 


Max. 






5 


82 


5.0 






12 






4 


810 


4.6 






11 






3 


1,780 


4.0 






10 




AB 


2 


9,010 


4.1 






9 




C 


Max. 




10.8 






8 






10 


370 


10.4 






7 






9 


1,160 


9.8 




C 


Max. 






8 


2,870 


9.0 






7 






7 


4,160 


8.6 




D 


Max. 






6 


5,570 


8.0 






7 






6 


7,430 


7.4 




BCD 


6 




D 


Max. 




9.3 




E 


Max. 






9 


120 


9.2 






9 






8 


370 


8.7 






8 






7 


680 


8.2 






7 






6 


1,120 


7.5 






6 




E 


Max. 




6.4 




AtoE 


5 






6 


680 


6.2 




F 


Max. 




DE 


5 


6,840 


5.9 






5 




F 


Min. 




2.3 




G 


Max. 






3 


150 


2.6 






5 






4 


410 


3.2 




AtoG 


4 




G 


Min. 




2.5 




H 


Min. 






3 


68 


2.7 






2 






4 


150 


3.1 






3 




CtoG 


4 


23,700 


5.8 




I 


Min. 




H 


Min. 




2.3 






3 






3 


270 


2.6 




A to I 


3 




I 


Max. 




4.2 






2 






4 


140 


4.1 


3 days 


A 


Max. 




Ctol 


3 


33,000 


5.1 


April 
15-17 




13 
12 



s 
i 

s 

I 



29,400 
36,200 
44,300 
53,100 
62,500 
77,000 



850 
42,400 

82 

590 

2,810 

6,110 

10,800 

14,700 

18,000 

68 

160 

520 

990 

3,040 

4,790 

140 

270 
10,500 

68 

200 

370 

730 

42,400 

2,330 

55 
60,600 

96 
510 

82 

85,400 

110,000 

82 
250 






i 



12.1 

11.0 

10.0 

9.1 

8.3 

7.2 



1.4 

1.7 

4.5 

12.7 

12.4 

11.6 

10.7 

10.1 

9.4 

8.9 

8.4 

12.8 

12.4 

11.8 

10.9 

10.2 
9.1 
8,5 
7.4 
7.2 
8.0 
7.6 
7.4 
9.5 
9.3 
8.7 
8.2 
7.3 
7.3 
5.5 
5.3 
5.2 
5.1 
6.5 
1.7 
1.8 
2.4 
2.9 
2.9 
5.6 
4.9 

13.9 

13.5 

12.8 
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STORM 49, APRIL 15-17, 1900 (Continued) 



I 

1 



3 days 

April 

15-17 



I 

3 
S 



A 
B 



AB 



D 



Iday 

July 

15 



2 days 
July 
14-16 



! 
i 



I 



11 

Max. 
12 
11 
10 

9 

8 

7 
Max. 
13 
12 
11 
10 

9 

8 

7 
Max. 

9 

8 



I 
S 

I 



680 

96 

1,940 

6,480 

9,840 

13,300 

18,000 

68 
360 
1,370 
2,920 
4,870 
8,520 
11,900 

82 
370 



a 
t 

§i3 



i 



12.0 

12.8 

12.4 

11.5 

11.0 

10.5 

10.0 

9.3 

13.8 

13.4 

12.7 

11.8 

11.1 

10.4 

9.6 

9.0 

9.5 

9.3 

8.7 



4 



t 



3 days 

Apnl 

15-17 



D 

E 



AtoF 
G 

AtoG 
H 

AtoH 
I 

A to I 



8 

■s 



I 



7 
Min 

4 

5 

6 
Min. 

6 

6 
Max. 

6 

5 
Max. 

5 

4 
Min. 

3 

3 

2 



I 



S 

a 



850 

27 
140 
530 

150 
43,200 

68 
54,900 

2,400 
69,100 

68 

94,400 

121,000 



STORM 51, JULY 14-16, 1900 



a 



I 

a 



< 



8.0 
3.9 
3.9 
4.5 
5.2 
5.1 
5.5 
8.4 
6.4 
6.2 
7.8 
5.7 
5.4 
7.1 
2.9 
2.9 
6.2 
5.4 



A 


Max. 




7.0 


2 days 


ABC 


4 


10,400 


6.7 




6 


1,370 


6.5 


July 




3 


15,900 


5.6 




5 


3,830 


5.9 


14-15 




2 


28,400 


4.2 




4 


6,430 


5.3 


3 days 


A 


Max. 




13.7 




3 


9,310 


4.8 


July 




13 


68 


13.4 




2 


14,300 


4.0 


14-16 




12 


270 


12.7 


A 


Max. 




13.0 






11 


550 


12.1 




13 


27 


13.0 






10 


1,160 


11.2 




12 


150 


12.6 






9 


1,920 


10.6 




11 


370 


12.0 




B 


Max. 




9.6 




10 


680 


11.3 






9 


96 


9.3 




9 


1,100 


10.6 




AB 


8 


4,220 


9.4 




8 


1,780 


9.8 






7 


6,020 


8.9 


B 


Max. 




8.1 






6 


8,020 


8.2 




8 


140 


8.1 






5 


11,000 


7.5 


AB 


7 


4,380 


8.4 






4 


16,400 


6.5 




6 


6,160 


7.9 




C 


Max. 




5.5 




5 


7,830 


7.4 






5 


1,460 


5.3 


C 


Min. 




3.9 






4 


5,020 


4.7 




4 


110 


3.9 




ABC 


3 
2 


36,800 
60,200 


5.0 
3.9 









STORM 63 


, MARCH 26-29, 1902 






* 


1 day 


A 


Max. 




9.0 


1 day 


AB 


6 


5,820 


7.0 




March 




9 


68 


9.0 


March 




5 


11,000 


6.3 


I 


28 




8 


660 


8.6 


28 




4 


17,600 


5.6 








7 


1,680 


7.9 






3 


22,000 


5.2 




f 


B 


Max. 




8.6 




C 


Max. 




4.0 








8 


140 


8.3 






4 


140 


4.0 








7 


530 


7.7 






3 


1,060 


3.6 
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STORM 63, MARCH 26-29, 1902 (Continued) 



g 

1 


1 


1 


1 


B 


8^ 


1 


J 


1 






^1 
^1 


1 


a 


1 


ll 


^1 


1 


1 


S 


el 


1 

1 

1 


9 


1 
t 


& 


a 
1 






1 

c 

2 




1 


5 

1 


tS^ 

i 


~\ 


1 day 


D 


Max. 




4.8 


3 days 


F 


Max. 




8.3 


March 




4 


700 


4.4 


March 




8 


68 


8.2 1 


28 




3 


1,710 


3.9 


26-28 




7 


410 


7.6 1 




AtoD 


2 


68,100 


3.6 




AtoF 


6 


29,800 


7.6 


2 days 


A 


Max. 




9.7 






5 


44,800 


6.8 


March 




9 


200 


9.5 




G 


Max. 




7.0 


27-28 




8 


450 


9.0 






6 


1,640 


6.5 






7 


880 


8.2 






5 


3,980 


5.9 




B 


Max. 




9.0 




AtoG 


4 


73,900 


e.o 






9 


96 


9.0 






3 


107,000 


5.2 






8 


730 


8.6 




H 


Max. 




6.7 






7 


2,260 


7.8 






6 


120 


6.4 1 




AB 


6 


7,150 


7.1 






5 


370 


5.8 








5 


12,000 


6.5 






4 


1,100 


4.9 






C 


Min. 




3.3 






3 


2,400 


4,2 








4 


370 


3.7 




AtoH 


2 


194,000 


4.0 






D 


Max. 




7.0 


4 days 


A 


Max. 




11.8 








7 


250 


7.0 


March 




11 


100 


11.4 1 






6 


1,190 


6.6 


26-29 




10 


440 


10.7 






5 


3,010 


5.9 




1 


9 


1,290 


9.9 




E 


Max. 




8.5 




B 


Max. 




10.8 








8 


6,240 


8.5 






10 


250 


10.4 








7 


9,420 


8.1 






9 


940 


9.7 








6 


13,700 


7.6 




C 


Max. 




10.0 






5 


17,300 


7.2 






9 


440 


9.5 




AtoE 


4 


67,700 


5.8 




D 


Max. 




9.7 






3 


72,300 


5.3 






9 


250 


9.4 






F 


Max. 




6.2 




E 


Max. 




9.4 








6 


18 


6.1 






9 


340 


9.2 








6 


420 


6.5 




AtoE 


8 


10,400 


8.9 








4 


1,350 


4.8 




F 


Max. 




9.5 








3 


2,860 


4.1 






9 


960 


9.2 






AtoF 


2 


105,000 


4.5 






8 


2,180 


8.8 




3 days 


A 


Max. 




11.8 




AtoF 


7 


25,500 


8.2 




March 




11 


75 


11.4 




G 


Max. 




8.3 




26-28 




10 


310 


10.7 






7 


300 


7.7 








9 


750 


10.0 




AtoG 


6 


46,700 


7.4 








8 


1,680 


9.2 






5 


67,000 


6.^ 






B 


Max. 




10.8 




H 


Max. 




6.3 








10 


190 


10.4 






6 


68 


6.2 








9 


630 


9.8 






5 


480 


5.6 






C 


Max. 




9.4 




AtoH 


4 


90,200 


6.2 








9 


340 


9.2 






3 


129,000 


5.4 






D 


Max. 




9.5 




I 


Max. 




4.5 








9 


610 


9.2 






4 


360 


4.2 






BCD 


8 


4,930 


8.8 






3 


3,580 


3.6 






AtoD 


7 


14,400 


8.1 




J 


Max. 




4.1 






E 


Max. 




10.0 






4 


190 


4.0 








9 


440 


9.5 






3 


2,230 


3.6 








8 


1,430 


8.8 




A to J 


2 


268,000 


3.9 






7 


3,130 


8.1 
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STORM 72, AUGUST 25-28, 1903 



■ 

1 






1 




g 






1 




s 

oil 


1 


1 




S 


a 


a 


§ 


1 


5 


a 


^1 


1 


1 




1 


&i 


^1 


1 


I 


I 


li 


on 


& 


1 


1 


•S 


|l 


1 
J 

1 


1 


a 

1 


Avenge] 
Ine] 


1 day 


A 


Max. 




11.2 


3 days 


A 


Max. 




15.5 


Aug. 


11 


110 


11.1 


Aug. 




15 


10 


15.2 


27 


10 


520 


10.6 


26-28 




14 


35 


14.4 




9 


920 


10.1 






13 


95 


13.8 






8 


1,510 


9.5 






12 


180 


13.3 






7 


2,460 


8.7 






11 


470 


12.2 


! 




6 


3,290 


8.2 






10 


1,280 


11.1 


B 


Max. 




6.2 






9 


2,040 


10.5 




6 


96 


6.1 






8 


3,390 


9.7 


AB 


5 


4,860 


7.3 






7 


5,210 


8.9 






4 


6,570 


6.6 






6 


7,960 


8.1 




C 


Max. 




4.8 






5 


12,800 


7.1 






4 


190 


4.4 






4 


24,300 


5.9 




D 


Max. 




4.6 




B 


Max. 




6.4 






4 


330 


4.3 






6 


20 


6.2 




AtoD 


3 


12,400 


5.1 






5 


100 


5.7 




E 


Min. 




0.5 






4 


260 


5.0 






1 


55 


0.7 




C 


Max. 




4.3 


1 


2 


250 


1.3 






4 


1,420 


4.2 




AtoE 


2 


20,000 


4.1 




ABC 


3 


44,900 


4.8 




F 


Max. 




5.3 




D 


Max. 




4.5 






5 


300 


5.2 






4 


40 


4.2 






4 


890 


4.7 






3 


220 


3.6 






3 


2,120 


4.0 




E 


Min. 




1.5 






2 


3,460 


3.4 






2 


9,240 


1.7 


2day{ 


I A 


Max. 




14.7 




AtoE 


2 


104,000 


3.4 


Aug. 




14 


14 


14.4 




F 


Max. 




4.4 


26-27 




13 


55 


13.6 






4 


620 


4.2 






12 


120 


13.0 






3 


5,470 


3.6 






11 


410 


11.9 






2 


17,700 


2.8 






10 


710 


11.3 


4 days 


A 


Max. 




15.5 






9 


1,100 


10.7 


Aug. 




15 


20 


15.2 






8 


1,780 


9.9 


25-28 




14 


65 


14.8 






7 


2,810 


9.0 






13 


160 


14.0 






6 


3,640 


8.4 






12 


250 


13.4 




B 


Max. 




10.2 






11 


590 


12.3 




• 


10 


27 


10.1 






10 


1,380 


11.3 






9 


140 


9.6 






9 


2,020 


10.7 






8 


410 


8.9 






8 


3,540 


9.8 






7 


1,570 


7.9 






7 


5,220 


9.1 






6 


3,220 


7.2 






6 


8,200 


8.1 




AB 


5 


10,300 


7.1 






5 


13,800 


7.1 




C 


Max. 




5.5 






4 


27,600 


5.8 






5 


55 


5.3 




B 


Max. 




6.6 




ABC 


4 


15,500 


6.5 






6 


30 


6.3 




D 


Max. 




5.0 






5 


130 


5.7 






5 


55 


5.0 






4 


320 


5.0 






4 


660 


4.5 




C 


Max. 




4.3 




E 


Min. 




2.5 






4 


1,820 


4.2 






3 


200 


2.7 




ABC 


3 


51,800 


4.8 




F 


Max. 




4.8 




D 


Max. 




6.0 






4 


41 


4.4 






5 


95 


5.5 




AtoF 


3 


29,200 


5.1 






4 


210 


5.0 






2 


43,200 


4.3 






3 


560 


4.0 
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4 days 
Aug. 
25-28 



E 



I 



5 

S 
& 



Max. 
4 
3 



I 

IS 



s 



1,130 
8,040 



B 
I 



ll 



5 



4.4 
4.2 
3.5 



4 days 
Aug. 
25-28 



F 
AtoF 



I 



J, 

I 



Min. 
2 
2 



STORM 76, OCTOBER 8-9, 1903 



2 days 
Oct. 
&-9 



B 



1 day 


A 


Max. 




11.5 


Oct. 




11 


55 


11.3 


9 




10 


82 


11.0 






9 


140 


10.4 






8 


640 


8.9 






7 


780 


8.7 




B 


Max. 




7.4 






7 


96 


7.2 




AB 


6 


3,290 


7.0 




C 


Max. 




6.9 






6 


190 


6.5 




ABC 


5 


5,300 


6.5 




D 


Min. 


' 


3.4 






4 


41 


3.7 




E 


Min. 




3.6 






4 


480 


3.8 




F 


Max. 




8.0 






7 


590 


7.5 




G 


Min. 




5.7 






6 


41 


5.8 




FG 


6 


1,660 


6.5 






5 


2,740 


6.3 




H 


Min. 




3.6 






4 


41 


3.8 




AtoH 


4 


17,900 


5.3 






3 


24,200 


4.9 






2 


30,500 


4.4 


2 days 


A 


Max. 




15.0 


Oct. 




14 


27 


14.5 


8-9 




13 


68 


13.8 



BC 
D 

E 



A toE 
F 

G 



H 
AtoH 



I 

I 



9,180 
144,000 



f 8 






1.0 
1.5 
3.3 



12 


140 


13.1 


11 


330 


12.2 


10 


680 


11.3 


9 


1,300 


10.4 


8 


3,420 


9.2 


7 


6,300 


8.6 


Max. 




9.8 


9 


82 


9.4 


8 


360 


8.7 


Min. 




6.2 


7 


27 


6.6 


7 


1,660 


7.8 


Min. 




5.2 


6 


27 


5.6 


Max. 




8.3 


8 


14 


S.2 


7 


41 


7.6 


6 


14,400 


7.4 


Min. 




4.6 


5 


96 


4.8 


Min. 




3.1 


4 


14 


3.5 


5 


65 


4.2 


Max. 




6.3 


6 


120 


6.2 


5 


20,900 


6.8 


4 


27,000 


6.3 


3 


36,400 


5.6 


2 


44,000 


5.0 



STORM 83, JUNE 9-10, 1905 



1 day 



B 



Max. 
12 
11 
10 

9 

8 

7 

Max. 

10 

9 

8 

7 





12.1 


1 day 


AB 


6 


41 


12.0 






5 


190 


11.6 






4 


410 


11.0 






3 


780 


10.3 




C 


Max. 


1,180 


9.7 






5 


1,720 


9.0 
11.0 






4 
3 


27 


10.4 




D 


Max. 


160 


9.6 






3 


420 


8.9 




AtoD 


2 


750 


8.3 









3,640 
4,740 
6,200 
9,040 

140 
1,010 
3,150 

1,850 
34,000 



8.1 
7.6 
6.8 
5.7 

5.7 
5.5 
4.6 
3.9 
3.8 
3.6 
3.5 
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STORM 86, SEPTEMBER 15-19, 1905 



I 






j 




1 






1 




1 
S3 


1 


1 




1 




* 


s 


1 


S 


a 




1 
1 


^ 


k 


a 


|l 




1 

1 


>> 


1 


II 


I 


i 

c 

H 


1 


1 

< 


^ 


I 


J 

I 


1 


1 


< 


Iday 


A 


Max. 




8.1 


4 days 


A 


Max. 




12.2 


Sept. 




8 


41 


8.0 


Sept. 




12 


27 


12.1 


17 




7 


370 


7.6 


15-18 




11 


260 


11.6 






6 


930 


6.9 






10 


1,480 


10.7 






5 


2,110 


6.1 






9 


3,860 


10.0 






4 


3,740 


6.4 






8 


6,940 


9.4 






3 


6,820 


4.6 






7 


8,760 


8.8 




B 


Max. 




6.7 




B 


Max. 




8.9 






6 


790 


6.4 






8 


140 


8.4 






5 


2,830 


5.7 






7 


780 


7.7 






4 


6,420 


5.2 




C 


Max. 




8.2 






3 


8,960 


4.5 






8 


41 


8.1 




AB 


2 


27,700 


3.6 






7 


220 


7.6 


2 days 


A 


Max. 




8.2 




ABC 


6 


18,400 


7.7 


Sept. 




8 


440 


8.1 




D 


Max. 




8.1 


16-17 




7 


3,200 


7.6 






8 


250 


8.0 






6 


6,230 


7.2 




E 


Max. 




8.6 




B 


Max. 




8.0 






8 


290 


8.2 






7 


1,030 


7.6 




DE 


7 


3,040 


7.6 






6 


2,260 


7.0 






6 


4,740 


7.2 




AB 


6 


14,400 


6.3 




AtoE 


6 


34,200 


6.6 






4 


19,700 


5.8 






4 


47,000 


5.8 






3 


26,900 


5.2 






3 


69,200 


4.7 




C 


Max. 




6.2 




F 


Min. 




1.2 






6 


65 


6.1 






2 


600 


1.6 






5 


380 


6.6 




G 


Max. 




5.7 




D 


Max. 




5.4 






6 


600 


6.4 






5 


410 


5.2 




H 


Max. 




5.4 




CD 


4 


2,710 


4.6 






6 


200 


6.2 






3 


4,380 


3.3 




GH 


4 


4,520 


4.6 




AtoD 


2 


49,400 


4.1 






3 


9,320 


4.1 


3 days 


A 


Max. 




10.5 




AtoG 


2 


123,000 


3.8 


Sept. 




10 


700 


10.2 


5 days 


A 


Max. 


# 


13.0 


15-17 




9 


1,930 


9.8 


Sept. 




12 


490 


12.5 






8 


4,070 


9.1 


15-19 




11 


990 


12.0 






7 


5,480 


8.7 






10 


1,780 


11.3 






6 


7,640 


8.1 






9 


5,050 


10.2 




B 


Max. 




8.1 






8 


9,910 


9.3 






8 


96 


8.0 






7 


15,400 


8.7 






7 


1,030 


7.5 




B 


Max. 




8.9 






6 


2,260 


7.0 






8 


120 


8.4 




AB 


5 


18,700 


6.7 






7 


820 


7.6 




C 


Max. 




6.2 




C 


Max. 




8.2 






6 


82 


6.1 






8 


14 


8.2 






6 


2,260 


5.6 






7 


290 


7.5 




ABC 


4 


32,800 


5.8 




ABC 


6 


27,600 


7.8 






3 


48,600 


5.1 






5 


39,500 


7.1 




D 


Max. 




4.3 






4 


63,100 


6.4 






4 


1,110 


4.2 




D 


Max. 




6.6 






3 


4,640 


3.7 






6 


290 


6.3 




E 


Max. 




3.3 






6 


1,040 


5.7 






3 


1,440 


3.2 




E 


Ma> . 




5.5 




AtoE 


t 

A 


2 


84,700 


4.0 






5 


370 


6.2 



19 
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MIAMI CONSERVANCY DISTRICT 



STORM 86, SEPTEMBER 15-19, 1906 (Continued) 



5 days 

Sept. 

15-19 



DE 
F 



G 



1 day 

Nov. 

17 



2 days 

Nov. 

17-18 



B 
C 
ABC 
D 
E 



AtoE 
A 



B 



AB 
C 

ABC 
D 

AtoD 



3 days 

Nov. 

17-19 



B 



AB 
C 



a 



! 



4 
Min. 

2 

3 
Max. 



5,460 

410 
1,360 



4.8 
1.4 
1.7 
2.3 

4.8 



5 days 

Sept. 

15-19 



I 






G 

AtoG 

H 

AtoH 



a 



I 



4 
3 
Max. 
3 
2 



STORM 93, NOVEMBER 17-21, 1906 



Max. 

7 

6 

5 
Min. 

4 
Max. 

5 

4 

3 
Max. 

3 
Max. 

4 

3 

2 

Max. 

10 

9 

8 

7 

Max. 

10 

9 

8 

7 

6 
Min. 

5 

5 
Min. 

4 

4 

3 

2 
Max. 
12 
11 
10 
Max. 
11 
10 

9 

Max. 

10 



550 
3,900 
8,320 

360 

110 
21,400 
34,900 

270 

320 

1,310 

77,600 

120 

880 

1,630 

4,790 

96 

460 

1,100 

2,370 

15,200 

164 
25,100 

260 

41,100 

66,900 

124,000 

140 
460 
960 

140 

360 

3,910 

1,090 



I 

S 



7.9 


3 days 


C 


9 


7.6 


Nov. 


D 


Min. 


6.6 


17-19 




6 


6.0 






7 


3.4 






8 


3.7 




AtoD 


8 


5.1 






7 


6.1 




E 


Max. 


5.1 






7 


4.5 




AtoE 


6 


3.5 






5 


3.2 




F 


Min. 


4.8 






4 


4.4 




AtoF 


4 


3.7 






3 


3.4 






2 


10.6 


4 days 


A 


Max. 


10.3- 


Nov. 




15 


9.6 


17-20 




14 


9.1 






13 


8.0 






12 


11.0 






11 


10.5 




B 


Min. 


9.7 






8 


9.0 






9 


8.2 






10 


7.3 




C 


Max. 


4.3 






12 


4.6 






11 


6.6 




ABC 


10 


3.0 






9 


3.5 






8 


5.7 






7 


4.9 




D 


Max. 


3.8 






8 


13.0 






7 


12.5 




E 


Max. 


11.8 






9 


11.1 






8 


11.7 






7 


11.5 




AtoE 


6 


10.9 




F 


Max. 


10.0 






6 


10.4 




AtoF 


5 


10.5 




G 


Min. 



a 

I 



I 



330 
99,800 

1,620 
168,000 



2,300 

41 

250 

1,410 

13,900 

19,200 

410 
27,900 
37,400 

460 

56,800 

86,300 

132,000 

180 

380 

820 

1,590 

2,710 

380 
1,190 
1,900 

82 
360 
10,700 
16,000 
21,700 
29,900 

370 
960 

380 

2,400 

4,600 

50,300 

730 
72,000 



5 



4.4 
5.1 
4.0 
3.5 
4.1 



I 10.0 
5.2 
5.6 
6.3 
7.3 
9.1 
8.6 
8.0 
7.6 
8.0 
7.4 
3.0 
3.5 
6.4 
5.4 
4.4 
16.0 
15.5 
15.0 
14.2 
13.4 
12.6 
7.0 
7.6 
8.2 
8.7 
13.0 
12.6 
11.7 
10.7 
10.3 
9.8 
9.2 
9.4 
8.6 
7.9 
10.0 
9.5 
8.6 
8.1 
8.3 
7.0 
6.5 
7.4 
3.2 
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STORM 93, NOVEMBER 17-21, 1906 (Continued) 



4 days 

Nov. 

17-20 



5 days 

Nov. 

17-21 



G 
H 

AtoH 



B 

C 

ABC 

D 



I 



4 
Min. 

4 

4 

3 

2 
Max. 
19 
18 
17 
16 
15 
14 
13 
12 
Min. 
10 
11 
Max. 
12 
11 
10 

9 
Min. 

7 

8 



I 

s 



420 

330 

98,700 
139,000 
197,000 

41 

160 

470 

880 

1,490 

2,410 

4,070 

6,260 

140 
640 

1,100 
14,700 
19,800 
25,500 

140 
520 



s 



I 



i 



3.6 

3.3 

3.6 

6.6 

6.7 

4.8 

19.4 

19.2 

18.7 

17.9 

17.2 

16.5 

15.7 

14.8 

14.0 

9.2 

9.6 

10.3 

12.4 

12.2 

12.6 

12.0 

11.5 

6.9 

7.0 

7.4 






S 



[A 



5 da3rs 

Nov. 

17-21 



E 

AtoE 
F 

AtoF 



G 



AtoG 
H 



HI 
A to I 



Max. 

9 

8 
Max. 

8 

7 

6 

5 

4 
Min. 

1 

2 

3 

3 
Max. 

8 

7 

6 

5 

4 
Max. 

5 

4 

3 

2 



STORM 102, JULY 28-AUGUST 1, 1908 



1 day 


A 


Max. 




9.6 


3 days 


A 


July 




9 


160 


9.3 


July 




30 




8 
7 
6 
5 
4 
3 
2 


530 
890 
1,410 
2,000 
3,480 
6,650 
12,400 


8.8 
8.3 
7.6 
7.0 
5.9 
4.8 
3.7 


29-31 




2 days 


A 


Max. 




14.1 






July 




14 


150 


14.0 






29-30 




13 

12 
11 


440 

660 

1,030 


13.7 
13.4 
12.7 










10 


1,640 


11.9 




B 






9 


2,010 


11.5 










8 


2,420 


11.0 










7 


3,010 


10.3 










6 


4,120 


9.3 




A-B 






5 


7,430 


7.6 










4 


9,530 


6.9 










3 


14,600 


6.7 


4 days 


A 






2 


22,600 


4.6 


July 
28-31 





480 
39,800 

140 

53,900 

70,500 

95,300 

137,000 

120 

340 

670 

202,400 

380 

990 

2,220 

3,790 

6,760 

230 

520 

28,500 

378,000 



9.2 
9.1 
10.4 
8.0 
8.0 
9.6 
8.9 
8.0 
7.0 
0.1 
0.6 
1.2 
1.8 
5.8 
8.6 
8.3 
7.8 
7.1 
6.4 
5.6 
5.1 
5.0 
4.7 
4.0 
4.4 



Max. 




17.6 


17 


150 


17.3 


16 


250 


17.0 


15 


410 


16.8 


14 


580 


16.0 


13 


790 


16.3 


12 


1,100 


14.6 


11 


1,560 


13.7 


10 


2,330 


12.6 


9 


2,890 


12.0 


8 


3,630 


11.3 


7 


5,410 


10.0 


6 


7,090 


9.2 


5 


9,160 


8.4 


Max. 




7.2 


7 


190 


7.0 


6 


750 


6.6 


5 


2,410 


5.9 


4 


17,700 


6.7 


3 


25,100 


5.8 


2 


34,300 


4.9 


Max. 




18.8 


18 


120 


18.4 


17 


230 


18.0 
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MIAMI CONSERVANCY DISTRICT 



STORM 102, JULY 28-AUGXJST 1, 1908 (Continued) 



Si 



I 



M 



4 days 

July 

28-31 



B 
AB 



5 days 

July 

28- 

Aug. 

1 



16 
15 
14 
13 
12 
11 
10 

9 

8 

7 
Max. 

7 

6 

5 

4 

3 

2 
Max. 
18 
17 
16 
15 



I 






330 
550 
780 
1,000 
1,360 
1,850 
2,740 
3,700 
4,870 
6,890 

230 
11,000 
15,700 
24,600 
34,700 
44,200 

120 
260 
410 
580 



B 
6 



I 



I 
§1 



i 



17.6 

16.8 

16.1 

16.7 

14.9 

14.0 

12.9 

12.0 

11.2 

10.1 

7.4 

7.2 

8.8 

7.8 

6.6 

5.7 

5.0 

18.8 

18.4 

17.9 

17.4 

16.9 



5 days 
July 
28- 

Aug.l 



B 



AB 
C 

ABC 



14 
13 
12 
11 
10 

9 

8 

7 

Max. 

10 

9 

8 

7 

6 

5 
Max. 

7 

6 

5 

4 

3 

2 



s 

a 



860 
1,190 
1,550 
2,080 
2,760 
3,890 
5,020 
5,780 

41 

190 

290 

920 

12,800 

16,800 

14 

120 

380 

31,800 

43,800 

58,700 



h 

1.3 



i 



16.1 

15.4 

14.7 

13.9 

13.0 

12.0 

11.2 

10.7 

11.0 

10.5 

9.7 

9.3 

8.1 

8.5 

7.8 

7.9 

7.8 

6.7 

5.7 

6.3 

5.5 

4.8 



STORM 103, AUGUST 24r-26, 1908 



1 day 

Aug. 

25 



A 


Max. 






11 


41 




10 


68 




9 


110 




8 


200 




7 


300 




6 


550 


B 


Max. 






7 


230 




6 


750 


C 


Max. 






6 


360 


ABC 


5 


6,650 




4 


10,600 


D 


Max. 






11 


41 




10 


96 




9 


220 




8 


340 


E 


Max. 






9 


68 




8 


110 


DE 


7 


780 




6 


1,150 




5 


1,750 




4 


2,530 


AtoE 


3 


19,100 


F 


Max. 





11.1 


1 day 


F 


5 


11.1 


Aug. 




4 


10.9 


25 




3 


10.4 




G 


Max. 


9.5 






3 


8.9 




AtoG 


2 


7.8 


2 days 


A 


Max. 


7.2 


Aug. 




13 


7.1 


25-26 




12 


6.7 






11 


6.2 






10 


6.1 






9 


5.9 






8 


5.4 






7 


11.7 




B 


Max. 


11.4 






11 


10.9 






10 


10.1 






9 


9.6 






8 


9.6 






7 


9.3 




C 


Max. 


9.0 






7 


8.6 




ABC 


6 


7.9 




D 


Max. 


7.1 






12 


6.3 






11 


4.9 






10 


5.6 






9 



590 
1,640 
4,480 

900 
49,000 

68 

250 

490 

820 

1,030 

1,260 

1,510 

96 

380 

1,100 

1,880 

2,790 

550 
9,090 

41 
110 
230 
330 



5.3 
4.8 
4.0 
3.4 
3.2 
3.6 
13.1 
13.1 
12.6 
12.1 
11.4 
11.1 
10.6 
10.1 
11.5 
11.3 
10.7 
9.9 
9.3 
8.7 
7.9 
7.5 
7.8 
12.8 
12.4 
11.8 
11.1 
10.6 
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STORM 103, AUGUST 24-26, 1908 (Continued) 



2 days 

Aug. 

25-26 



I 



3 days 
Aug. 
24r-26 



E 
DE 

F 
G 
H 
I 
Atol 



I 

US 

s 

a 

I 



a 

h 



! 



B 



AB 
C 



Max. 




9.8 


9 


200 


9.4 


8 


1,200 


9.3 


7 


1,370 


9.1 


6 


1,850 


8.4 


Max. 




6.6 


6 


96 


6.3 


Min. 




4.3 


5 


56 


4.6 


Max. 




6.1 


6 


68 


6.1 


Max. 




6.6 


6 


3,070 


6.3 


5 


27,100 


6.6 


4 


41,100 


5.9 


3 


62,200 


5.1 


2 


87,000 


4.3 


Max. 




15.6 


16 


82 


15.3 


14 


200 


14.8 


13 


410 


14.1 


12 


820 


13.3 


11 


1,410 


12.6 


Max. 




14.1 


14 


68 


14.1 


13 


200 


13.7 


12 


600 


12.9 


11 


960 


12.4 


10 


4,590 


11.5 


Max. 




14.8 


14 


68 


14.4 



3 days 

Aug. 

24-26 



1 


1 
i 


s 


j 


t 


1 


ffi 


& 



D 



CD 

AtoD 
E 



AtoE 



F 
G 



H 

AtoH 
I 

Atol 



13 

12 

11 

Max. 

14 

13 

12 

11 

10 

9 

Max. 

10 

9 

8 

7 

6 

Min. 

5 

Max. 

9 

8 

7 

6 

Max. 

6 

5 

Max. 

6 

4 

3 

2 



STORM 105, OCTOBER 20-24, 1908 



1 day 
Oct. 


A 


Max. 




6.3 


2 days 


B 


. 


6 


410 


6.2 


Oct. 


AB 


22 




5 


3,240 


5.6 


21-22 






B 


Max. 
6 
6 


41 
190 


6.2 
6.1 
5.6 




C 




C 


Max. 




6.2 




ABC 






5 


680 


5.1 




D 




ABC 


4 
3 


10,300 
16,600 


4.9 
4.4 








D 


Max. 
3 


1,360 


3.3 
3.1 




E 




AtoD 


2 


34,200 


3.4 




AtoE 


2 days 


A 


Max. 




11.4 






Oct. 




11 


230 


11.2 






21-22 




10 


960 


10.7 


3 days 


A 






9 


1,970 


10.1 


Oct. 








8 


4,620 


9.2 


21-23 






B 


Min. 




6.4 







7 

7 

6 
Max. 

7 

6 

6 
Max. 

6 

6 
Max. 

5 

4 

3 

2 
Max. 

13 

12 

11 



I 



s 
I 



180 
380 
620 

14 

56 

96 

200 

1,610 

9,460 

250 

760 

13,400 

16,600 

20,400 

460 

590 
2,270 
5,370 
8,210 

68 
42,700 

2,630 

61,600 

86,300 

112,000 



a 

I 

! 



s 



13.8 

13.1 

12.6 

14.3 

14.2 

13.6 

13.1 

12.2 

11.6 

10.8 

10.6 

10.3 

9.8 

10.2 

9.7 

9.1 

4.2 

4.6 

9.2 

9.1 

8.6 

8.0 

7.4 

6.4 

6.2 

7.6 

5.6 

7.4 

6.7 

5.8 

5.0 



220 


6.7 


7,120 


8.6 


9,200 


8.1 




7.0 


68 


7.0 


340 


6.6 


16,600 


7.0 




6.2 


65 


6.1 


230 


6.6 




5.4 


780 


5.3 


29,700 


5.9 


43,900 


5.1 


66,800 


4.2 




13.0 


65 


13.0 


620 


12.6 


1.530 


11.8 
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MIAMI CONSERVANCY DISTRICT 



STORM 106, OCTOBER 20-24, 1908 (Continued) 



3 days 

Oct. 

21-23 



4 days 

Oct. 

20-23 



A 

B 

• AB 
C 

D 

AtoD 

E 

AtoE 
F 

AtoF 



B 

C 

ABC 



10 
9 
8 
Min. 
7 
7 
Min. 

6 

Max. 

7 

6 

5 

Max. 

5 

4 

Max. 

4 

3 

2 

Max. 

16 

14 

13 

12 

11 

10 

9 

8 

7 

Max. 

7 

Max. 

7 

6 



I 



9 
OD 



3,760 
6,480 
8,100 

180 
12,100 

68 

110 
19,400 
31,000 

68 
43,400 

300 
58,800 
82,600 

41 

270 

680 

2,080 

3,970 

6,760 

8,160 

12,500 

18,000 

460 

96 
26,600 






i 



11.0 

10.6 

9.9 

6.1 

6.4 

9.1 

6.2 

6.6 

7.4 

7.2 

8.1 

7.1 

5.1 

6.0 

6.4 

4.7 

4.4 

5.6 

4.7 

15.1 

15.0 

14.6 

13.9 

13.0 

12.3 

11.7 

11.1 

10.2 

9.4 

7.7 

7.4 

7.1 

7.0 

8.4 



4 days 

Oct. 

20-23 



6 days 

Oct. 

20-24 



D 



AtoD 
E 

AtoE 
F 

AtoF 



B 

AB 
C 

ABC 
D 

AtoD 



Max. 

7 

6 

6 
Max. 

6 

4 
Max. 

4 

3 

2 
Max. 
16 
14 
13 
12 
11 
10 

9 

8 
Max. 

8 

7 

6 
Max. 

7 

6 

6 

4 
Max. 

6 

4 

3 

2 



I 



B 



960 

2,33Q 

41,000 

160 
62,900 

770 
69,300 
92,700 

60 

360 

820 

2,100 

3,960 

6,900 

8,460 

14,000 

620 
22,000 
31,300 

920 

2,370 

47,800 

62,400 

600 

1,600 

90,100 

131,000 



SM 



-5 



7.6 
7.4 
6.9 
7.5 

5.8 

&.5 

6.8 

4.3 

4.2 

6.0 

5.2 
15.2 
15.1 
14.6 
14.0 
13.2 
12.2 
11.7 
11.1 
10.1 

8.7 

8.4 

9.1 

8.4 

7.6 

7.3 

6.8 

7.4 

6.8 

6.2 

5.1 

4.7 

5.8 

4.7 



STORM 108, JUNE 29-JULY 3, 1909 



1 day 


A 


Max. 




12.0 


1 day 


C 


4 


July 




12 


200 


12.0 


July 


ABC 


3 


2 




11 


360 


11.8 


2 




2 






10 


610 


11.4 


2 days 


A 


Max. 






9 


740 


10.8 


July 




15 






8 


1,060 


10.1 


2-3 




14 






7 


1,660 


9.3 






13 




B 


Max. 




8.8 






12 






8 


160 


8.4 






11 






7 


440 


7.8 






10 




AB 


6 


3,660 


7.8 




B 


Max. 






6 


6,000 


7.2 






11 






4 


7,990 


6.2 






10 




C 


Max. 




6.6 




AB 


9 






6 


120 


6.3 






8 



680 


4.7 


16,600 


4.8 


24,400 


4.1 




15.5 


180 


15.3 


320 


15.0 


470 


14.5 


640 


13.9 


820 


13.4 


i,ieo 


12.6 




11.8 


460 


11.4 


1,260 


10.8 


3,970 


10.8 


6,160 


10.3 
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STORM 108, JUNE 29-JULY 3, 1909 (Continued) 



i 

1 


i 


1 




1 


a 


1 


1 


1 

1 




1 


a 






1 

• 


1 
1 


j 


1 


a 

1 


5 




1 


1 
n 


1 


a 

1 


i 


2 days 


AB 


7 


6,780 


9.7 


4 days 


AB 


12 


2,600 


13.6 


July 




6 


8,760 


8.9 


June 




11 


3,970 


12.9 


2-3 




5 


11,000 


8.2 


30- 




10 


5,410 


12.2 




C 


Max. 




7.3 


July 




9 


6,900 


11.7 






7 


160 


7.2 


3 




8 


9,420 


10.8 






6 


1,190 


6.6 






7 


12,200 


10.0 






5 


3,260 


5.9 






6 


15,000 


9.4 




D 


Max. 




5.5 




C 


Max. 




6.4 






5 


120 


5.3 






6 


41 


6.2 




AtoD 


4 


19,700 


6.8 




ABC 


5 


21,800 


8.2 






3 


26,200 


6.0 






4 


25,900 


7.6 






2 


29,700 


5.6 




D 


Max. 




8.0 


3 days 


A 


Max. 




15.8 






8 


180 


8.0 


July 




15 


200 


15.4 






7 


480 


7.7 


1-3 




14 


370 


15.0 






6 


750 


7.2 






13 


560 


14.5 






5 


1,120 


6.7 






12 


820 


13.9 






4 


1,510 


6.1 


- 




11 


1,140 


13.2 




AtoD 


3 


31,900 


7.0 




B 


Max. 




12.0 






2 


35,700 


6.5 






11 


920 


11.5 


5 days 


A 


Max. 




17.8 




AB 


10 


3,560 


11.6 


June 




17 


68 


17.4 






9 


4,710 


11.1 


29- 




16 


250 


16.8 






8 


6,010 


10.5 


July 




15 


1,560 


15.7 






7 


7,870 


9.8 


3 




14 


2,610 


15.2 






6 


10,100 


9.1 




B 


Max. 




16.8 




C 


Max. 




6.2 






16 


160 


16.4 






6 


41 


6.1 






15 


340 


15.9 




D 


Max. 




7.8 






14 


480 


15.5 






7 


600 


7.4 




AB 


13 


4,380 


14.7 






6 


2,460 


6.7 






12 


6,670 


14.0 




AtoD 


5 


20,200 


7.4 






11 


8,350 


13.5 






4 


24,300 


7.0 






10 


9,720 


13.0 




E 


Max. 




7.9 






9 


11,200 


12.6 






7 


340 


7.5 






8 


13,200 


12.0 






6 


660 


7.0 






7 


15,500 


11.3 






5 


1,030 


6.5 






6 


18,300 


10.6 






4 


1,480 


6.0 




C 


Max. 




6.4 




AtoE 


3 


30,600 


6.4 






6 


68 


6.2 






2 


34,200 


6.0 




ABC 


5 


25,100 


9.2 


4 days 


A 


Max. 




17.7 






4 


28,600 


8.6 


June 




17 


55 


17.4 




D 


Max. 




8.5 


30- 




16 


110 


17.0 






8 


230 


8.3 


July 




15 


180 


16.4 






7 


480 


7.9 


3 




14 


300 


15.6 






6 


780 


7.3 




B 


Max. 




16.7 






5 


1,150 


6.8 






16 


160 


16.4 






4 


1,550 


6.2 






15 


300 


16.0 




AtoD 


3 


32,800 


8.1 






14 


480 


15.4 






2 


36,000 


7.6 






a: 


B 


i; 


J 


1,370 


14.6 
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MIAMI CONSERVANCY DISTRICT 



STORM 109, JULY 5-7, 1909 



1 day 

July 

7 



B 



AB 
C 

ABC 
D 



2 days 
July 
6-7 



£ 

F 
G 

A 



B 

C 

D 

BCD 
E 

F 
G 



H 



Max. 

9 

8 

7 

6 

5 

4 
Max. 

6 

5 

4 

3 
Max. 

3 

2 
Max. 

5 

4 

3 

2 
Max. 

4 

3 

2 
Max. 

2 
Max. 

2 
Max. 

9 

8 

7 

6 

5 
Max. 

8 

7 

6 
Max. 

6 
Max. 

6 

5 
Max. 

5 
Max. 

6 

5 
Max. 

7 

6 

5 
Max. 



I 
S 



41 

190 

520 

900 

1,440 

2,260 

27 

110 

330 

4,290 

68 
7,560 

96 

320 

1,010 

1,820 

480 
2,190 
6,740 

5,590 

1,930 

55 

330 

690 

1,210 

2,300 

110 

770 

1,450 

68 

160 
5,110 

96 

41 
160 

55 

550 

1,480 






si 



i 



9.7 
9.4 

8.7 
8.0 
7.4 
6.7 
5.9 
6.5 
6.3 
5.7 
4.9 
4.9 
3.7 
3.4 
3.8 
5.8 
5.4 
4.8 
3.9 
3.3 
4.6 
4.3 
3.7 
2.9 
2.9 
2.5 
2.9 
2.5 
9.7 
9.4 
8.7 
8.1 
7.4 
6.5 
8.4 
8.2 
7.6 
7.1 
6.3 
6.2 
6.4 
6.2 
6.0 
5.3 
5.2 
6.4 
6.2 
5.7 
7.5 
7.3 
6.6 
5.9 
5.7 



2 days 
July 
6-7 



3 days 
July 
5-7 







8 






a 


i 


1 


S 


s 


1 


9 


o 


7 


s 


3 


a 


1 


1 


1 


H 


5 


55 


AtoH 


4 


19,100 


I 


Max. 






4 


300 


A to I 


3 


30,800 


J 


Max. 






8 


27 




7 


150 




6 


490 




5 


1,030 




4 


1,750 




3 


2,820 


K 


Max. 






4 


330 




3 


1,000 


AtoK 


2 


67,400 


L 


Max. 






5 


110 




4 


380 




3 


1,010 




2 


1,780 


M 


Max. 






3 


670 




2 


4,180 


N 


Max. 






2 


340 


A 


Max. 






11 


27 




10 


260 




9 


980 




8 


2,310 


B 


Max. 






8 


730 


AB 


7 


5,540 




6 


8,520 


C 


Max. 






7 


14 




6 


110 


D 


Max. 






6 


27 


AtoD 


5 


13,500 


E 


Max. 






9 


82 




8 


270 




7 


710 




6 


1,250 




5 


2,450 


F 


Max. 






6 


82 




5 


190 


G 


Max. 






6 


410 




5 


890 



a 
m 



-5 



5.4 
5.3 

5.0 
4.5 
4.6 

8.4 

8.2 

7.5 

6.8 

6.1 

5.4 

4.7 

4.4 

4.2 

3.7 

3.6 

5.8 

5.4 

4.8 

4.0 

3.3 

4.0 

3.5 

2.7 

2.6 

2.3 
11.2 
11.1 
10.4 

9.8 

9.0 

9.0 

8.5 

8.3 

7.7 

7.2 

7.1 

6.5 

6.3 

6.2 

6.9 

9.7 

9.4 

8.8 

8.0 

7.4 

6.5 

6.5 

6.3 

5.9 

6.8 

6.4 

5.9 
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STORM 109, JULY 5-7, 1909 (Continued) 




Max. 

6 

5 
Max. 

8 

7 

6 

5 

4 
Max. 

5 

4 
Max. 

4 

3 

Max. 

11 



I 



s 

a 



27 
560 

290 

1,140 

2,400 

5,000 

34,500 

82 
2,930 

410 
57,700 

14 



I 



s« 






i 



6.1 
6.1 
6.6 
8.7 
8.4 
7.7 
7.1 
6.3 
6.0 
6.3 
6.2 
4.6 
4.4 
4.2 
5.1 
11.2 
11.1 



3 dajrs 

July 

5-7 



M 



AtoM 

N 







1 


• 


1 




S 


a 


1 


r 
1 


a 

I 


P 
i 


10 


41 


10.7 


9 


150 


9.9 


8 


410 


9.0 


7 . 


740 


• 8.3 


6 


1,200 


7.6 


5 


1,710 


7.0 


4 


2,330 


6.3 


3 


3,330 


6.6 


Max. 




4.9 


4 


480 


4.6 


3 


2,460 


3.7 


2 


96,400 


4.2 


Max. 




5.8 


5 


110 


5.4 


4 


400 


4.8 


3 


860 


4.1 


< 


2 


1,290 


3.6 



STORM 110, JULY 20-22, 1909 






1 day 


A 


Max. 




10.7 


3 days 


A 


Max. 




12.8 


July 




10 


160 


10.4 


July 




12 


14 


12.4 


21 




9 


270 


10.0 


20-22 




11 


41 


11.7 






8 


400 


9.6 






10 


96 


11.0 






7 


680 


8.9 






9 


180 


10.3 






6 


930 


8.0 






8 


460 


9.2 






5 


1,490 


7.1 




B 


Max. 




8.6 






4 


2,620 


6.0 






8 


82 


8.3 






3 


3,260 


5.4 




AB 


7 


2,200 


7.9 






2 


3,900 


5.0 






6 


3,600 


7.4 




B 


Max. 




6.6 




C 


Max. 




6.4 






5 


110 


6.3 






6 


260 


6.2 






4 


300 


4.8 




ABC 


6 


6,200 


6.6 






3 


690 


4.2 




D 


Max. 




5.2 






2 


990 


3.6 






6 


230 


6.1 


2 days 


A 


Max. 




11.0 




AtoD 


4 


11,700 


5.6 


July 




10 


230 


10.5 




E 


Max. 




11.1 


20-21 




9 


370 


10.1 






11 


41 


11.1 




m 


8 


630 


9.6 






10 


230 


10.7 






7 


890 


8.8 






9 


380 


10.2 






6 


1,690 


7.8 






8 


630 


9.7 






6 


2,970 


6.7 






7 


890 


8.8 






4 


4,110 


6.1 






6 


2,160 


7.4 




B 


Max. 




7.8 






5 


3,160 


6.8 






7 


160 


7.4 






4 


4,660 


6.1 






6 


1,480 


6.6 




F 


Max. 




4.2 






5 


3,300 


6.0 






4 


680 


4.1 






4 


5,870 


6.3 




AtoF 


3 


31,400 


4.7 




AB 


3 
2 


24,800 
39,900 


4.4 
3.7 






2 


60,000 


3.9 
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MIAMI CONSERVANCY DISTRICT 



STORM 114, OCTOBER 4-6, 1910 



I 


i 


1 




1 


a 


1^ 


1 


1 




1 


a 


^1 




S 


I 




£ 


ii 


1 


1 




1 


h 






i 

t 




1 


1 


< 


1 






1 


a 

1 


5 


1 day 


A 


Max. 




8.1 


2da3rs 


AtoG 


6 


32,100 


7.3 


Oct. 




7 


160 


7.5 


Oct. 


H 


Min. 




4.5 


5 




6 


480 


6.8 


5-6 




5 


200 


4.7 


• 




5 


1,100 


6.1 




AtoH 


5 


50,200 


6.6 




B 


Max. 




8.5 




J 


Min. 




2.9 






8 


68 


8.3 






3 


300 


2.9 






7 


330 


7-7 






4 


1,880 


3.4 






6 


710 


7.0 




K 


Min. 




3.5 






5 


1,410 


6.3 






4 


55 


3.7 




AB 


4 


7,280 


5.1 




AtoK 


4 


72,000 


6.0 






3 


11,600 


4.5 






3 


95,000 


5.4 




C 


Max. 




8.0 






2 


131,000 


4.6 






7 


400 


7.6 


3 days 


A 


Max. 




15.2 






6 


1,510 


6.8 


Oct. 




15 


41 


15.1 






5 


3,650 


6.0 


4-6 




14 


180 


14.7 




D 


Max. 




7.1 






13 


290 


14.2 






7 


41 


7.1 






12 


810 


13.1 






6 


180 


6.6 






11 


1,440 


12.4 






5 


630 


5.8 




B 


Max. 




13.3 




E 


Max. 




6.0 






13 


55 


13.2 






5 


670 


5.5 






12 


320 


12.6 




F 


Min. 




3.7 






11 


900 


11.9 






4 


270 


3.8 




C 


Max. 




14.0 




CtoF 


4 


19,100 


4.9 






13 


68 


13.5 




G 


Max. 




4.3 






12 


250 


12.8 






4 


440 


4.2 






11 


710 


11.9 




CtoG 


3 


34,900 


4.3 




ABC 


10 


8,240 


11.1 




H 


Min. 




1.9 






9 


13,900 


10.5 






2 


970 


1.9 




D 


Max. 




11.5 




AtoH 


2 


76,000 


2.9 






11 


96 


11.3 


2 days 


A 


Max. 




12.9 






10 


230 


10.8 


Oct. 




12 


68 


12.5 






9 


550 


10.1 


5-6 




11 


230 


11.8 




E 


Min. 




6.5 






10 


410 


11.2 






7 


96 


6.7 






9 


790 


10.4 






8 


530 


7.3 




B 


Max. 




11.0 




AtoE 


8 


26,500 


9.5 






10 


68 


10.5 




F 


Min. 




6.3 






9 


260 


9.7 






7 


55 


6.6 




AB 


8 


2,600 


9.2 




AtoF 


7 


38,600 


8.9 






7 


5,400 


8.3 




G 


Min. 




4.1 




C 


Max. 




10.2 






5 


• 140 


4.5 


' 




10 


250 


10.2 






6 


440 


5.2 






9 


730 


9.8 




AtoG 


6 


55,400 


8.2 






8 


2,980 


8.8 




H 


Min. 




4.6 






7 


6,630 


8.1 






5 


190 


4.8 




D 


Max. 




8.1 




AtoH 


5 


70,100 


7.6 






8 


55 


8.1 




J 


Max. 




5.1 






7 


600 


7.6 






5 


140 


5.1 




E 


Max. 




8.3 




A to J 


4 


91,200 


6.9 






8 


360 


8.2 






3 


125,000 


6.0 




F 


Max. 




8.3 




K 


Max. 


' 


4.4 






8 


270 


8.2 






4 


110 


4.2 




EF 


7 


3,790 


7.6 






3 


740 


3.6 




G 


Min. 




5.6 




AtoK 


2 


168,000 


5.1 








1 


( 


5 


96 


5.8 
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STORM 126, JULY 20-24, 1912 




i 



G 

I 



5 days 

July 

20-24 



B 

AB 
C 



Max. 
11 
10 

9 

8 

7 
Max. 

7 

6 

5 
Max. 

7 

6 



I 

US 



27 
120 
300 
520 
860 

180 
2,180 
3,640 

860 
2,220 



11.3 

11.2 

10.7 

10.0 

9.4 

8.6 

7.6 

7.3 

7.4 

6.6 

7.8 

7;4 

6.9 



I 



5 days 

July 

20-24 



C 

D 



£ 

AtoE 
F 

G 

AtoG 



a 



I 



5 
Max. 

6 

5 
Max. 

5 

4 
Max. 

4 
Min. 

3 

3 

2 



4,130 

41 
640 

68 
19,000 

260 

150 
36,700 
62,800 



STORM 132, MARCH 23-27, 1913 



6.2 
6.2 
6.1 
5.6 
5.2 
5.1 
5.3 
4.2 
4.1 
2.5 
2.7 
4.5 
3.6 







STORM 130 


, JANUARY 10-12, 1913 






1 day 


A 


Max. 




5.8 


2 days 


D 


4 


320 


4.1 


Jan. 




5 


930 


5.4 


Jan. 


AtoD 


3 


56,500 


4.1 


11 




4 


6,490 


4.6 


11-12 


E 


Min. 




0.8 






3 


13,200 


4.1 






1 


96 


0.9 




B 


Max. 




4.8 






2 


200 


1.2 






4 


220 


4.4 




F 


Max. 




3.8 




C 


Max. 




4.4 






3 


1,150 


3.4 






4 


140 


4.2 




G 


Min. 




1.9 




BC 


3 


2,600 


3.5 






2 


55 


1.9 




ABC 


2 


33,600 


3.2 




AtoG 


2 


89,800 


3.5 




D 


Max. 




5.4 


3 days 


A 


Max. 




7.5 






5 


680 


5.2 


Jan. 




7 


2,140 


7.3 






4 


2,460 


4.7 


10-12 


B 


Max. 




7.4 




E 


Max. 




4.2 






7 


190 


7.2 






4 


190 


4.1 




AB 


6 


7,370 


6.8 




DE 


3 


14,300 


3.7 




C 


Max. 




6.1 




F 


Min. 




0.0 






6 


250 


6.1 






1 


27 


0.5 




ABC 


5 


23,000 


5.9 






2 


120 


1.2 






4 


43,900 


5.2 




DEF 


2 


27,000 


3.1 




D 


Max. 




5.7 




G 


Max. 




2.4 






5 


68 


5.4 






2 


1,100 


2.2 






4 


200 


4.8 


2 days 


A 


Max. 




7.4 




E 


Min. 




1.4 


Jan. 




7 


96 


7.2 






2 


55 


1.7 


11-12 




6 


1,550 


6.5 






3 


230 


2.3 






5 


7,410 


5.7 




AtoE 


3 


81,800 


4.4 




B 


Max. 




6.7 




F 


Min. 




0.8 






6 


250 


6.4 






1 


55 


0.9 






5 


2,010 


5.6 






2 


140 


1.2 




C 


Min. 




3.5 




AtoF 


2 


124,000 


3.8 






4 


140 


3.7 




G 


Max. 




2.9 




ABC 


4 


22,100 


5.0 






2 


4,740 


2.5 




D 


Max. 




4.2 













1 day 


A 


Max. 




7.0 


1 day 


B 


Max. 




6.2 


March 




7 


96 


7.0 


March 




6 


740 


6.1 


25 




6 


820 


6.6 


25 


AB 


5 


4,930 


5.8 



300 



MIAMI CONSERVANCY DISTRICT 



STORM 132, MARCH 23-27, 1913 (Continued) 









1 




1 
a? 






1 




1 
1=3 


1 


1 


1 


B 
5 


s 


1 


S 


B 
5 


t 


1 


1 


a 

1 


Average Dei 
Inches 


1 




1 

K 


1 


B 

1 


Average Dep 
Inches 


1 day 


C 


Max. 




5.7 


2 days 


M 


4 


380 


4.6 


March 




5 


680 


5.4 


March 


AtoM 


3 


105,000 


4.6 


25 


D 


Max. 




5.6 


24-25 




2 


181,000 


3.7 






5 


200 


5.3 


3 days 


A 


Max. 


w 


10.2 




E 


Max. 




5.3 


March 




10 


120 


10.1 






5 


370 


5.2 


24-26 




9 


620 


9.6 




AtoE 


4 


16,000 


5.0 




B 


Max. 




9.3 




F 


Max. 




4.6 






9 


96 


9.2 






4 


140 


4.3 




C 


Max. 




9.0 




G 


Max. 




4.2 






9 


120 


9.0 






4 


82 


4.1 




ABC 


8 


6,980 


8.6 




H 


Max. 




4.2 




D 


Max. 


# 


9.3 


• 




4 


120 


4.1 






9 


200 


9.2 




J 


Min. 




0.5 






8 


1,680 


8.6 






1 


120 


0.7 




E 


Max. 




8.5 






2 


440 


1.3 






8 


68 


8.3 






3 


900 


1.9 




AtoE 


7 


20,300 


8.0 




K 


Max. 




5.3 




F 


Min. 




5.1 






5 


120 


5.2 






6 


410 


5.5 






4 


560 


4.6 




AtoF 


6 


34,700 


7.4 




AtoK 


3 


43,000 


4.0 




G 


Max. 


# 


6.4 






2 


87,300 


3.3 






6 


68 


6.2 


2 days 


A 


Max. 




9.5 




AtoG 


5 


55,800 


6.6 


March 




9 


120 


9.3 




H 


Max. 


# 


6.5 


24-25 




8 


590 


8.7 






6 


68 


6.3 




B 


Max. 




8.5 






5 


270 


5.7 






8 


1,100 


8.4 




I 


Max. 




6.9 




C 


Max. 




8.4 






6 


120 


6.5 






8 


300 


8.3 






5 


680 


5.7 




ABC 


7 


6,890 \ 


7.8 




J 


Max. 




7.1 




D 


Max. 




7.1 






7 


120 


7.1 






7 


250 


7.1 






6 


740 


6.6 




E 


Max. 




7.2 




K 


Max. 




6.6 






7 


200 


7.1 






6 


41 


6.3 




AtoE 


6 


16,600 


7.0 




JK 


5 


6,480 


5.7 






5 


28,700 


6.4 




L 


Max. 




5.2 




F 


Max. 




5.6 






5 


160 


5.1 






5 


120 


5.3 




M 


Max. 




7.3 




G 


Max. 




6.4 






7 


110 


7.2 






6 


82 


6.2 






6 


860 


6.6 






5 


410 


5.6 






5 


2,410 


5.9 




H 


Max. 




6.1 




AtoM 


4 


105,000 


5.7 






6 


82 


6.1 




N 


Max. 




5.7 






5 


820 


5.6 






5 


260 


5.4 




J 


Max. 




5.1 






4 


1,620 


4.6 






6 


82 


5.1 







Max. 




5.3 




A to J 


4 


57,600 


5.5 






5 


96 


5.2 




K 


Max. 




4.0 






4 


700 


4.6 






4 


340 


4.0 




AtoO 


3 


195,000 


4.7 




L 


Max. 




5.1 




P 


Max. 




4.7 






5 


110 


5.1 






4 


590 


4.4 






4 


550 


4.2 






3 


3,490 


3.6 




M 


Max. 




5.1 




AtoP 


2 


291,000 


4.0 






5 


82 


5.1 
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STORM 132, MARCH 23-27, 1913 (Continued) 



1 i 






1 




g 






1 




1 9 

1 3 

1 al 


1 


1 


S 


a 


a 


1 


1 


S 


a 


1 


1 

1 


1 


1 


S 

a 

1 


i 


si 

1 


It 


1 


& 


a 

1 


Average Dei 
Inohea 


4 days 


A 


Max. 


" 


11.1 


4 days 


T 


3 


3,720 


3.7 




March 




11 


41 


11.1 


March 


U 


Max. 


• 


4.6 




23-26 




10 


380 


10.6 


23-26 




4 


41 


4.2 








9 


1,560 


9.8 






3 


310 


3.6 






B 


Max. 




10.6 




AtoU 


2 


328,000 


4.2 








10 


160 


10.3 


6 days 


A 


Max. 




11.2 


1 




9 


2,000 


9.6 


March 




11 


68 


11.1 




C 


Max. 




9.4 


23-27 




10 


680 


10.6 






9 


140 


9.2 






9 


3,350 


9.7 


1 


D 


Max. 




9.0 




B 


Max. 




11.2 






9 


110 


9.0 






11 


140 


11.1 




AtoD 


8 


17,200 


8.7 






10 


1,990 


10.5 




E 


Max. 




8.6 






9 


6,430 


9.9 






8 


140 


8.3 




C 


Max. 




9.9 




AtoE 


7 


31,100 


8.2 






9 


1,670 


9.6 




F 


Max. 




8.0 




D 


Max. 




9.6 






7 


660 


7.6 






9 


610 


9.3 




G 


Min. 




5.7 




AtoD 


8 


22,400 


9.1 






6 


96 


6.8 




E 


Max. 




8.5 




H 


Max. 




7.1 






8 


140 


8.3 






7 


250 


7.1 




F 


Min. 




6.3 




AtoH 


. 6 


62,300 


7.6 






7 


260 


6.6 




J 


Max. 




6.4 




G 


Max. 




9.4 






6 


68 


6.2 






9 


66 


9,2 




A to J 


5 


76,000 


6.9 






8 


320 


8.6 




K 


Max. 




6.3 




AtoG 


7 


39,600 


8.4 






6 


420 


6.2 




H 


Max. 




8.0 






5 


2,900 


5.6 






7 


1,030 


7.6 




L 


Max. 




6.4 




AtoH 


6 


60,900 


7.8 






5 


340 


6.2 




J 


Max. 




6.3 






M 


Min. 




3.6 






6 


660 


6.2 








4 


140 


3.8 




K 


Max. 




6.8 






N 


Min. 




3.9 






6 


110 


6.4 








4 


96 


3.9 




AtoK 


6 


90,600 


7.0 









Max. 




6.9 




L 


Max. 




7.1 








6 


140 


6.6 






7 


140 


7.1 








5 


750 


6.7 






6 


1,030 


6.6 






P 


Max. 




7.1 




M 


Max. 




6.9 








7 


140 


7.1 






6 


1,060 


6.6 








6 


770 


6.6 




N 


Min. 




3.0 






Q 


Max. 




6.6 






4 


300 


3.6 








6 


41 


6.3 






6 


1,440 


4.3 






PQ 


5 


6,540 


6.7 







Max. 




6.7 






R 


Max. 




6.6 






6 


82 


6.4 








6 


96 


6.3 




P 


Max. 




6.2 








5 


270 


5.8 






6 


200 


6.1 






AtoR 


4 


137,000 


5.9 




Q 


Max. 




7.1 






S 


Max. 




6.8 






7 


140 


7.1 








5 


560 


5.4 






6 


960 


6.6 








4 


2,740 


4.7 




LtoQ 


6 


17,900 


6.6 






AtoS 


3 


212,000 


5.1 




AtoQ 


4 


177,000 


6.3 






T 


Max. 




4.7 




R 


Max. 




6.8 












4 


700 


4.4 








5 


560 


6.4 
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STORM 132, MARCH 23-27, 1913 (Continued) 



5 days 
March 
23-27 



R 

S 



AtoS 
T 



4 
Max. 

5 

4 

3 
Max. 

6 

5 

4 



I 

s 

a 



2,680 

1,900 

7,680 

300,000 

65 
250 
480 



a 
h 



i 



4.7 
5.4 
5.2 
4.7 
5.2 
6.6 
6.2 
6.6 
6.1 



5 days 
March 
23-27 



T 
U 



V 

AtoV 



I 



3 
Max. 

4 

3 
Max. 

4 

3 

2 



S 






1,460 

1,150 
8,170 

150 

4,800 

492,000 



STORM 135, OCTOBER 1-2, 1913 



STORM 136, DECEMBER 2-6, 1913 



4.0 
4.8 
4.4 
3.6 
4.5 
4.2 
3.6 
4.2 



1 day 


A 


Max. 




13.0 


2 days 


A 


Max. 




14.2 


Oct. 




13 


65 


13.0 


Oct. 




14 


68 


14.1 


2 




12 


340 


12.6 


1-2 




13 


640 


13.6 






11 


770 


12.0 






12 


1,230 


13.1 






10 


1,270 


11.4 






11 


1,900 


12.5 






9 


1,970 


10.7 






10 


2,740 


11.9 






8 


2,700 


10.1 






9 


3,710 


11.3 






7 


3,940 


9.3 






8 


6,590 


10.3 






6 


5,610 


8.5 






7 


7,280 


9.7 






6 


8,490 


7.5 






6 


9,280 


9.0 






4 


11,900 


6.6 




B 


Ma^. 




8.6 




B 


Max. 




7.5 






8 


68 


8.4 






7 


56 


7.3 






7 


250 


7.8 






6 


230 


6.7 






6 


590 


7.0 






6 


620 


6.0 




AB 


6 


13,800 


7.9 






4 


860 


5.4 






4 


20,900 


6.8 




AR 


3 


19,400 


5.5 






3 


30,100 


5.8 






2 


27,000 


4.7 




C 


Max. 




11.2 




C 


Max. 




11.0 






10 


82 


10.6 






10 


41 


10.5 






9 


140 


10.1 






9 


82 


10.0 






8 


230 


9.6 






8 


120 


9.5 






7 


300 


9.0 






7 


180 


8.8 






6 


400 


8.4 






6 


250 


8.2 






6 


550 


7.6 






6 


400 


7.2 






4 


850 


6.5 






4 


810 


5.8 






3 


1,260 


6.6 






3 


1,230 


6.0 




ABC 


2 


46,600 


4.7 






2 


1,940 


4.1 













1 day 


A 


Max. 




10.0 


Iday 


AB 


4 


8,960 


5.8 


Dec. 




9 


95 


9.5 


Dec. 




3 


14,200 


5.0 


4 




8 


280 


8.9 


4 




2 


33,400 


3.3 






7 


620 


8.1 


2 days 


A 


Max. 




12.5 






6 


1,070 


7.4 


Dec. 




12 


66 


12.2 






6 


1,890 


6.1 


3-4 




11 


280 


11.6 




B 


Max. 




7.5 






10 


660 


11.0 






7 


240 


7.2 






9 


1,200 


10.3 






6 


1,020 


6.7 






8 


1,920 


9.6 






5 


2,180 


6.0 






7 


8,570 


8.0 
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STORM 136, DECEMBER 2-5, 1913 (Continued) 



2 days 
Dec. 
3-4 



3 days 

Dec. 

2-4t 



B 
AB 

C 

ABC 
D 

AtoD 



E 



6 

5 

4 

3 

2 

Max. 

14 

13 

Max. 

13 

12 

11 

10 

Max. 

10 



Max. 

10 

9 

8 

7 

6 

5 

4 

3 
Max. 



I 



g 



13,800 
20,100 
27,400 
40,400 
67,000 

^5 
230 

55 

930 

1,810 

3,150 

220 
8,820 

96 
440 
14,900 
19,000 
22,700 
28,900 
37,700 
55,100 



7.4 

6.8 

6.2 

5.3 

4.2 

14.5 

14.2 

13.7 

13.6 

13.3 

12.9 

12.3 

11.5 

11.1 

10.5 

10.4 

11.0 

10.5 

9.7 

9.5 

9.1 

8.7 

8.0 

7.2 

6.0 

4.9 



^1 



3 days 
Dec. 
2-A 

4 days 
Dec. 
2-5 



E 

AtoE 
A 



B 
AB 



ABC 
D 

AtoD 



4 

3 

2 
Max. 
15 
14 
13 
12 
11 
10 
Max. 
10 

9 

8 

7 

6 

5 

4 
Max. 

5 

4 

3 
Max. 

3 

2 



1,300 

5,180 

144>000 

41 

330 

900 

1,780 

3,590 

5,340 

140 
13,000 
18,700 
22,300 
27,300 
34,100 
48,500 

82 

2,160 

117,000 

18,900 
284,000 



STORM 144, OCTOBER 14r-15, 1914 



4.4 

3.7 

3.9 

15.5 

15.2 

14.6 

13.9 

13.2 

12.3 

11.7 

11.0 

10.5 

10.4 

9.8 

9.5 

8.9 

8.2 

7.1 

5.3 

5.1 

4.5 

6.0 

4.3 

3.6 

3.6 



1 day 


A 


Max. 




10.0 


1 day 


E 


4 


360 


5.6 


Oct. 




9 


41 


9.5 


Oct. 




3 


600 


4.8 


15 




8 


140 


8.8 


15 




2 


1,060 


3.8 






7 


260 


8.2 


2 days 


A 


Max. 




11.5 


■ 


" 


6 


440 


7.5 


Oct. 




11 


14 


11.3 






5 


680 


6.8 


14-15 




10 


66 


10.7 




B 


Max. 




8.3 






9 


160 


9.9 






8 


27 


8.3 






8 


300 


9.3 






7 


110 


7.6 






7 


440 


8.7 






6 


250 


7.0 






6 


730 


7.8 






5 


920 


5.9 




B 


Max. 




9.6 




AB 


4 


3,810 


5.2 






9 


27 


9.3 




C 


Max. 




5.2 






8 


190 


8.6 






5 


27 


6.1 






7 


410 


8.0 






4 


140 


4.7 






6 


770 


7.3 




ABC 


3 


6,630 


4.5 




C 


Min. 




3.6 




D 


Max. 




3.3 






4 


14 


3.8 






3 


1,100 


3.2 






5 


68 


4.3 




AtoD 


2 


16,300 


3.4 




ABC 


5 


3,140 


6.4 




E 


Max. 




8.8 






4 


5,200 


6.7 






8 


27 


8.4 




D 


Max. 




6.4 






7 


55 


8.0 






6 


14 


6.2 






6 


110 


7.3 






5 


96 


5.6 






5 


200 


6.4 






4 


230 


5.0 
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STORM 144, CMTTOBER 14-16, 1914 (Continued) 



2 days 

Oct. 

14-15 



AtoD 
E 



I 
I 



3 

Max. 

10 

9 

8 
7 



i 

S 



11,600 

14 

27 

68 

120 






^ 



4.5 

11.0 

10.6 

10.0 

9.1 

8.4 



2 days 
Oct. 
14-15 



E 



AtoE 



6 
6 
4 
3 
2 



I 



9 

OD 



I 



230 
340 
650 
920 
26,000 



SI 

_ o 



5 



7.5 
6.9 
6.0 
5.0 
3.5 



STORM 151, AUGUST 17-20, 1915 



1 day 


D 


Aug. 




17 




Texas 




center 


I 




DI 




J 




DIJ 


2 days 


D 


Aug. 




17-18 




Texas 




center 






J 




DJ 




I 




K 



Max. 




8.0 


2 days 


IK 


6 


8,080 


7.1 


8 


1,100 


8.0 


Aug. 


DJIK 


5 


38,600 


7.6 


7 


5,320 


7.6 


17-18 




4 


52,300 


6.8 


6 


7,320 


7.3 


Texas 




3 


66,000 


6.1 


Max. 




7.9 


center 




2 


94,700 


5.0 


7 


270 


7.5 


3 days 


D 


Max. 




19.7 


6 


920 


6.8 


Aug. 




19 


1,830 


19.3 


6 


14,000 


6.5 


17-19 




18 


2,900 


19.0 


Max. 




9.1 


Texafl 




17 


4,180 


18.5 


9 


160 


9.1 


center 




16 


5,720 


18.0 


8 


420 


8.7 






16 


6,840 


17.6 


7 


780 


8.2 






14 


7,580 


17.3 


6 


1,670 


7.3 






13 


8,530 


16.9 


6 


2,810 


6.6 






12 


9,430 


16.4 


4 


23,400 


6.0 






11 


10,700 


15.8 


3 


31,300 


5.3 






10 


12,300 


15.1 


2 


51,600 


4.2 






9 


14,600 


14.3 


Max. 




18.6 






8 


17,800 


13.2 


18 


65 


18.3 






7 


21,000 


12.4 


17 


140 


17.8 




A 


Max. 




13.0 


16 


270 


17.2 






13 


160 


13.0 


15 


410 


16.6 






12 


410 


12.7 


14 


630 


15.9 






11 


620 


12.3 


13 


890 


15.2 






10 


1,180 


11.4 


12 


1,670 


14.0 






9 


2,450 


10.4 


11 


2,750 


12.9 






8 


«,800 


9.3 


10 


6,410 


11.5 




B 


Max. 




10.6 


9 


8,780 


11.0 






10 


260 


10.3 


8 


11,300 


10.4 






9 


620 


9.8 


7 


13,400 


10.0 






8 


3,290 


8.8 


Max. 




9.1 




AB 


7 


16,700 


8.4 


9 


300 


9.1 




I 


Max. 




10.5 


8 


930 


8.7 






10 


96 


10.2 


7 


1,630 


8.2 






9 


250 


9.8 


6 


19,700 


9.0 






8 


3,540 


8.6 


Max. 




10.0 






7 


7,260 


8.0 


10 


55 


10.0 




L 


Max. 




7.1 


9 


300 


9.6 






7 


230 


7.0 


8 


620 


9.0 




DABIL 


6 


69,800 


8.9 


7 


1,100 


8.4 






5 


93,900 


8.0 


Max. 




7.9 






4 


124,000 


7.2 


7 


3,020 


7.5 






3 
2 

» 


163,000 
211,000 


6.3 
5.4 



STORM RAINFALL OF EASTERN UNITED STATES 



305 



STORM 151, AUGUST 17-20, 1916 (Continued) 



1 day 
Aug. 

19 

Ark. 

center 



2 days 
Aug. 

19-20 
Ark. 

center 



3 days 
Aug. 

18-20 
Ark. 

center 



20 



b 


s 


§ 


•s 


g 


a 


o 


1 


*3 


>» 


3 


fi 


3 


S 


n 


M 


A 


Max. 




6 


B 


Max. 




6 


C 


Max. 




6 


ABC 


5 




4 


D 


Max. 




9 




8 




7 




6 




6 




4 


AtoD 


3 


E 


Max. 




3 


F 


Min. 




2 


G 


Min. 




2 


AtoG 


2 


A 


Max. 




10 




9 




8 




7 


B 


Max. 




8 




7 


C 


Max. 




7 


ABC 


6 




5 




4 


D 


Max. 




9 




8 




7 




6 




5 




4 


AtoD 


3 




2 


A 


Max. 




13 




12 




11 




10 




9 




8 


B 


Max. 



3,420 

2,000 

480 
16,000 
25,000 

960 
2,450 
4,300 
5,780 
7,210 
9,160 
60,600 

1,490 

770 

3,510 
103,000 

270 

820 

2,880 

9,900 

1,520 
4,960 

380 
31,500 
49,600 
74,100 

1,070 

2,380 

4,760 

7,480 

9,480 

13,200 

135,000 

183,000 

270 

790 

1,620 

4,820 

10,500 

19,800 





a 






;e Depth In 
nches 


3 
s 


i 


1 


s*~* 


•o^ 


iS 


s? 


i 


1 


c 


1 


6.7 


3 days 


B 


10 


6.4 


Aug. 




9 


6.2 


18-20 




8 


6.1 


Ark. 


C 


Max. 


7.0 


center 




8 


6.5 




D 


Max. 


5.8 






12 


5.3 






11 


9.1 






10 


9.0 






9 


8.7 






8 


8.2 




E 


Max. 


7.8 






8 


7.3 




AtoE 


7 


6.7 




F 


Max. 


4.8 






8 


3.7 






7 


3.4 




G 


Max. 


0.9 






8 


1.4 






7 


0.3 




AtoG 


6 


1.2 






5 


3.8 






4 


10.9 






3 


10.5 






2 


9.8 


4 days 


A 


Max. 


8.9 


Aug. 


- 


14 


7.9 


17-20 




13 


8.3 


Total 




12 


8.1 


storm 




11 


7.7 






10 


7.9 






9 


7.5 




B 


Max. 


7.1 






9 


6.5 




C 


Max. 


5.9 






9 


9.1 




ABC 


8 


9.0 




D 


Max. 


8.7 






19 


8.1 






18 


7.5 






17 


7.1 






16 


6.4 






15 


5.1 






14 


4.4 






13 


14.0 






12 


13.5 






11 


12.8 






10 


12.2 






9 


11.0 






8 


10.2 




E 


Max, 


9.4 






10 


10.1 






9 



270 
1,620 
3,670 

630 

4,960 
6,460 
8,320 
9,990 
11,600 

340 
55,100 

1,440 
2,330 

160 
410 
87,200 
116,000 
147,000 
196,000 
255,000 

250 

500 

960 

2,670 

5,370 

11,200 

580 

330 
25,300 

1,850 

2,930 

4,180 

5,790 

6,840 

7,580 

8,530 

9,530 

11,000 

12,900 

15,900 

19,400 

260 
1,570 



10.0 

9.6 

9.0 

8.7 

8.3 

12.3 

12.1 

12.0 

11.6 

11.3 

10.9 

8.4 

8.2 

9.0 

8.7 

8.3 

8.0 

8.2 

8.1 

7.7 

8.3 

7.5 

6.8 

6.0 

5.2 

14.8 

14.4 

13.9 

13.3 

12.1 

11.3 

10.4 

9.8 

9.4 

9.1 

9.0 

9.4 

19.7 

19.3 

19.0 

18.6 

18.0 

17.6 

17.3 

16.9 

16.4 

15.8 

15.0 

13.9 

13.0 

10.6 

10.3 

9.6 



306 



MIAMI CONSERVANCY DISTRICT 



STORM 161, AUGUST 17-20, 1916 (Continued) 



4 dajrs 

Aug. 

17-20 

Total 

storm 



E 

AtoE 

F 



G 



I 



8 

7 

Max. 

10 

9 

8 

7 
Max. 

8 



I 



QQ 



4,660 
66,700 

68 

270 

3,370 

7,500 

120 



§.9 



i 



8.9 
9.9 

10.5 

10.3 

9.7 

8.6 
8.0 
8.2 
8.1 



4 days 

Aug. 

17-20 

Total 

storm 



G 
H 

AtoH 



a 

I 



7 
Max. 
7 
6 
5 
4 
3 
2 



1 day 


A 


Max. 


July 




11 


7 




10 
9 
8 
7 
6 




B 


Max. 
9 

8 
7 
6 




AB 


5 
4 




C 


Max. 
6 
5 

4 




D 


Max. 
5 

4 




AtoD 


3 




E 


Max. 
4 
3 




AtoE 


2 


2 days 


A 


Max. 


July 




17 


7-8 




16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 




B 


Max. 
16 



STORM 166, JULY 6-10, 1916 



B 





11.2 


2 days 


110 


11.1 


July 


500 


10.6 


7-8 


1,380 


9.9 




2,850 


9.2 




5,100 


8.4 




8,010 


7.8 
9.9 




220 


9.4 




660 


8.8 


• 


1,240 


8.2 




3,490 


7.1 




17,800 


6.9 




25,600 


6.1 




. 


6.2 




360 


6.1 




1,010 


5.7 




2,100 


5.1 
5.1 




440 


5.0 




1,090 


4.7 




67,300 


4.6 

4.8 




960 


4.4 




1,920 


3.9 




78,300 


4.3 
17.3 




55 


17.2 




140 


16.9 




380 


16.0 




640 


15.4 




1,300 


14.4 




1,930 


13.8 




2,760 


13.1 


3 days 


3,900 


12.3 


July 


5,110 


11.7 


7-9 


6,900 


10.9 




9,440 


9.9 




12,400 


9.1 
16.9 




55 


16.4 





c 



BC 
D 



BCD 
AtoD 

E 

F 

AtoF 



a 



410 

250 
107,000 
139,000 
178,000 
233,000 
293,000 



It 



i 



7.7 
7.3 
7.1 
8.7 
8.0 
7.2 
6.3 
6.6 



15 


250 


15.7 


14 


540 


15.0 


13 


880 


14.5 


12 


1,280 


13.8 


11 


1,880 


13.1 


10 


3,140 


12.0 


9 


5,010 


11.1 


8 


9,270 


9.9 


Max. 




16.0 


16 


20 


16.0 


15 


110 


15.6 


14 


310 


14.9 


13 


600 


14.2 


12 


1,020 


13.5 


.11 


1,460 


12.9 


10 


1,980 


12.3 


9 


4,050 


10.9 


8 


5,210 


10.3 


7 


18,900 


9.4 


Max. 




8.2 


8 


240 


8.1 


7 


2,030 


7.6 


6 


34,300 


8.2 


5 


70,200 


5.8 


4 


88,000 


5.6 


Max. 




5.1 


. 5 


160 


5.0 


4 


780 


4.6 


Min. 




1.4 


2 


500 


1.7 


3 


1,000 


2.1 


3 


120,000 


5.0 


2 


144,000 


4.6 


Max. 




19.7 


19 


230 


19.4 


18 


420 


19.0 


17 


650 


18.4 


16 


990 


17.8 


15 


1,670 


16.9 


14 


2,160 


16.3 


13 


2,720 


15.6 
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STORM 156, JULY 6-10, 1916 (Continued) 



1 1 






1 




g 






1 








1 


^ 


a 


s 




1 

a 

5 


^ 


a 


I 2* 


1 

"3 


a 


ige Depth 
Inches 


dof MaxlJ 
RainfaU 


1 

o 
3 


OD 

a 


ige Depth 
Inches 


1 


1 


3 


1 


1 

< 




6 

»4 


c 

n 


1 


1 


s 




3 days 


A 


12 


3,720 


14.9 


4 days 


B 


18 


2,500 


19.2 




July 




11 


5,690 


13.7 


July 




17 


3,410 


18.7 




7-9 




10 


8,030 


12.8 


6-9 




16 


4,450 


18.2 


./ 




9 


10,200 


12.1 






15 


5,440 


17.7 


f 




8 


12,500 


11.4 






14 


7,240 


16.9 


1 


B 


Max. 




17.6 




C 


Max. 




18.6 


1 




17 


55 


17.3 






18 


50 


18.3 


1 




16 


260 


16.7 






17 


210 


17.7 








15 


620 


16.0 






16 


520 


17.0 








14 


* 1,000 


15.4 






15 


1,080 


16.2 








13 


1,460* 


14.8 






14 


1,790 


15.5 








12 


2,070 


14.1 




BC 


13 


13,300 


15.6 








11 


3,240 


13.2 




D 


Max. 




13.2 








10 


5,940 


11.9 






13 


200 


13.1 








9 


8,740 


11.2 




E 


Max. 




13.5 








8 


16,800 


9.9 






13 


90 


13.2 






C 


Max. 




17.4 




AtoE 


12 


25,200 


14.6 








17 


75 


17.2 






11 


33,200 


13.8 








16 


200 


16.7 






10 


41,600 


13.2 




• 




15 


500 


16.0 






9 


52,300 


12.4 








14 


740 


15.5 


• 


F 


Min. 




3.8 








13 


1,040 


14.9 






4 


150 


3.9 








12 


1,340 


14.4 






5 


440 


4.3 








11 


1,700 


13.8 






6 


850 


4.9 








10 


2,280 


12.9 






7 


1,420 


6.2 








9 


3,890 


11.5 






8 


2,480 


6.4 








8 


5,260 


10.7 




AtoF 


8 


69,300 


11.4 






D 


Max. 




12.5 




G 


Max. 




12.5 








12 


20 


12.2 






12 


35 


12.2 








11 


50 


11.8 






11 


95 


11.8 








10 


200 


10.8 






10 


200 


11.1 








9 


380 


10.2 






9 


410 


10.3 








8 


620 


9.5 






8 


660 


9.6 






AtoD 


7 


56,000 


9.4 




H 


Max. 




9.6 








6 


75,400 


8.7 






9 


500 


9.3 








5 


93,800 


8.0 






8 


1,840 


8.7 








4 


114,000 . 


7.4 




AtoH 


7 


89,000 


10.6 






E 


Max. 




5.9 






6 


104,000 


10.0 








5 


90 


5.4 






5 


116,000 


9.5 








4 


600 


4.6 






4 


136,000 


8.2 






AtoE 


3 


146,000 


6.6 






3 


162,000 


8.0 








2 


182,000 


5.8 






2 


194,000 


7.0 




4 days 


A 


Max. 




20.3 


5 days 


A 


Max. 




22.3 




July 




20 


80 


20.2 


July 




22 


23 


22.2 




6-9 




19 


260 


19.7 


6-10 




21 


120 


21.7 








18 


450 


19.2 






20 


280 


20.8 








17 


740 


18.5 






19 


530 


20.3 








16 


1,100 


17.9 






18 


840 


19.6 








15 


1,910 


16.9 






17 


1,200 


19.0 








14 


2,680 


16.7 






16 


1,620 


18.5 








13 


3,530 


15.6 






15 


2,320 


17.5 






B 


Max. 




20.0 






14 


3,000 


16.8 




1 




19 


1,640 


19.5 






13 


4,090 


15.9 
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STORM 156, JULY &-10, 1916 (Continued) 



1 






1 




i 






1 






1 

1 


i:^ 


B 




1 

t 


i:^ 


B 


Period of Maxli 
RalnfaU 


1 
3 

a 
K 






Average Depth 
Inches 


Period of Maxl] 
Rainfall 


1 

d 


B 


Average Depth 
Inches 


5 days 


B 


Max. 




20.0 


5 days 


F 


11 


580 


12.8 


July 




19 


1,710 


19.5 


July 




10 


840 


12.1 


6-10 




18 


2,580 


19.2 


&-10 




9 


1,240 


11.2 






17 


3,560 


18.8 




G 


Max. 




14.3 






16 


4,870 


18.1 






14 


40 


14.2 






15 


6,200 


17.6 






13 


160 


13.7 






14 


8,180 


16.8 






12 


340 


13.0 




C 


Max. 




18.8 






11 


640 


12.3 






18 


100 


18.4 






10 


1,060 


11.6 






17 


320 


17.8 






9 


1,730 


10.8 




• 


16 


680 


17.1 


• 


H 


Min. 




4.4 






15 


1,260 


16.4 






5 


180 


4.7 






14 


2,190 


15.6 






6 


400 


6.1 




BC 


13 


14,400 


15.7 






7 


900 


5.9 




D 


Max. 




14.4 






8 


1,980 


6.8 






14 


700 


14.2 




AtoH 


8 


86,700 


11.4 






13 


2,360 


13.7 






7 


100,000 


10.8 




AtoD 


12 


29,300 


14.7 






6 


116,000 


10.2 






11 


37,300 


14.0 




I 


Max. 




9.2 




E 


Max. 




13.8 






9 


30 


9.1 






13 


100- 


13.4 






8 


400 


8.6 






12 


450 


12.7 






7 


740 


8.0 






11 


1,350 


11.9 




J 


Max. 




8.4 




AtoE 


10 


50,000 


13.1 






8 


160 


8.2 






9 


63,300 


12.4 






7 


600 


7.7 




F 


Max. 




16.9 




IJ 


6 


2,240 


7.3 






15 


25 


15.4 




A to J 


5 


135,000 


9.6 






14 


90 


14.8 






4 


154,000 


9.0 






13 


220 


14.0 






3 


181,000 


8.2 








12 


390 


13.4 






2 


230,000 


6.8 



I 



STORM 157, JULY 14-16, 1916 



1 day 


A 1 


Max. 


July 




13 


15 




12 

11 

10 

9 

8 
7 
6 




C 


Max. 
9 

8 
7 
6 




D 


Max. 
6 




ACD 


5 
4 




B 


Max. 
10 





13.2 


1 day 


B 


9 


41 


13.1 


July 




8 


260 


12.6 


15 




7 


580 


12.0 






6 


860 


11.5 






5 


1,270 


10.8 






4 


1,790 


10.2 




ABCD 


3 


2,380 


9.5 






2 


3,080 


8.8 


1 day 


A 


Max. 




9.4 


July 




19 


14 


9.2 


16 




18 


110 


8.6 






17 


290 


7.9 






16 


660 


7.2 
6.6 






15 
14 


190 


6.3 






13 


6,560 


7.3 






12 


10,900 


6.1 
10.6 






11 
10 


700 


10.3 






9 



1,530 


9.7 


2,480 


9.3 


3,520 


8.7 


4,640 


8.1 


5,970 


7.6 


7,350 


7.0 


25,900 


5.6 


36,000 


4.7 




19.3 


3 


19.2 


14 


18.7 


27 


18.1 


41 


17.6 


65 


17.0 


96 


16.0 


150 


15.1 


190 


14.6 


230 


14.0 


310 


13.1 


490 


12.2 



